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Most of the research on wheat and flour has been centered on the 
proteins in as much as the quality of gluten (the characteristic protein 
of wheat) has seemed in large measure to determine the desirability of 
any given flour for bread-making purposes. Until recently little work 
had been done on the lipids and their influence in milling and baking. 
Our knowledge on this subject is still woefully incomplete. 

Milling itself is an entirely mechanical procedure and the lipids do 
not affect the actual mechanical operations of breaking, sifting, and air 
purification except insofar as they alter the physical characteristics such 
as friability and specific gravity of the various parts of the wheat kernel. 

The ideal in milling is the complete removal of both the bran and 
the embryo from the endosperm of the wheat because, by themselves, 
neither bran, the outer envelope of the kernel, nor germ is capable of 
making a loaf of bread when mixed with water, yeast, and salt and 
handled in the usual manner. Neither bran nor germ can retain the 
carbon dioxide gas developed in fermentation to produce the well-risen, 
palatable bread which can be made with white flour. 

Another reason why the miller attempts as complete a removal as 
possible of the bran and germ is that these parts of the berry decrease 
the keeping quality of flour, owing, in part, to the proportionally higher 
fat content of the bran and germ as compared to the endosperm. 

The higher lipid content of the germ, in particular, makes its physical 
character different enough to allow an easy, though incomplete, separa- 
tion from the flour. 

The distribution of the lipids in the various separations made on a 
modern mill from hard spring wheat is as follows. 





1 Paper presented at the Cincinnati meeting of the American Chemical Society, April 8~12, 1940. 
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Percent Lipids 
( Alcohol-ether extract) 
(Calculated to 13.5% moisture) 
Wheat 3.0 
Short patent 1.3 
Straight 1.6 
Clear 2.7 
Low grade 3.2 
Bran 6.5 
Shorts 7.5 
Germ 15.5 


These figures are only approximate and will, of course, vary with 
the type of wheat, the percentage extraction, and the method of milling. 

The better grades of flour, from both a storage and a baking stand- 
point, have the least possible amount of bran and germ and, therefore, 
a rather low lipid content. Even though low, the lipids of flour are 
of considerable importance. 


Lipids of Wheat Products 


Wheat germ makes up about 2% of the weight of the wheat kernel. 
An average separation contains approximately 15% of lipids of which 
4% to 10% is considered as the phosphatide fraction. The work of 
Channon and Foster (1934) has shown that the phosphatide fraction 
of germ is made up of phosphatidic acid (as Ca, Mg, and K salts), leci- 
thin, and cephalin. These compounds occur, according to Channon and 
Foster, in the proportion of 4:4:1 when referred to the phosphorus 
content. 

The unsaponifiable material from an average germ separation 
amounts to 4% to 5% of the oil, of which about 70% is a mixture of 
the saturated sterol, dihydrositosterol, and several doubly unsaturated 
sterols called a,, a,, a,, 8 and y sitosterol (Anderson, Shriner and Burr, 
1926; Wallis and Fernholz, 1936; and Bernstein and Wallis, 1939). 
The material remaining after the separation of the sterols is a yellow 
oil containing among other polyenes the tocopherols which possess vita- 
min E activity and certain of which have been recently synthesized. 

The fatty acids obtained after the removal of the unsaponifiable 
material from wheat germ have been identified as follows (Sullivan and 


Bailey, 1936) : 


Palmitic acid 11.76 
Stearic acid 3.06 
Lignoceric acid 1.18 
a linolenic acid 1.83 
B linolenic acid 1.72 
a linolic acid 22.32 
B linolic acid 29.99 


Oleic acid 28.14 
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The saturated acid fraction amounting to 16% was composed largely 
of palmitic acid, while the unsaturated fraction contained over 52% of 
linolic acid. 

The lipids of wheat flour contain more volatile fatty acids than those 
of wheat germ. As is the case with the wheat-germ lipids, the bulk 
of the saturated fraction is palmitic acid. The same unsaturated acids, 
oleic, linolic, and a small amount of linolenic are present, as in wheat 
germ, with linolic the predominating acid of the unsaturated series. 
Flour lipid contains a somewhat higher amount (5.5%) of unsaponifi- 
able material than wheat-germ lipid with, however, only about one-half 
instead of 70% of the unsaponifiable fraction being precipitated by 
digitonin (Sullivan and Howe, 1938). Other separations of flour and 
feed do not vary widely in the distribution of the fatty acids present in 
the glycerides and vary only from 4% to 7% in the amount of un- 
saponifiable material. 

Wheat, as is true of so many other plant products, has a certain 
amount of its total lipids bound with the proteins and carbohydrates in 
complexes such that the usual fat solvents, i.e. ether, acetone, and ethyl 
acetate, do not give complete extraction. Hence, to obtain the phospha- 
tides and other fat-like compounds as well as the glycerides, a prelimi- 
nary treatment with alcohol or ammonia must be used previous to ex- 
traction by ether. The difficulty in the removal and purification of plant 
phosphatides is well known to all workers in this field. It has been 
found extremely difficult to purify the phosphatides from either flour or 
the embryo. Practically all preparations contain some sugar (approxi- 
mately 2% ) even after repeated precipitations with acetone. With most 
milling separations the N: P ratio is always in excess of 1. The phos- 
phatide preparations from wheat germ, however, show a N: P ratio of 
nearly 1: 1 according to our results. Because of the high ratio of N: P 
(7:1) in the phosphatide separation from flour it is evident that there 
is either protein or some nitrogen-containing lipids other than lecithin 
or cephalin. Work in this laboratory, which we hope to publish shortly, 
has shown that the lipids from flour carry a nitrogen-containing sub- 
stance with an S~S = S-H linkage and that this compound can be con- 
centrated in the acetone insoluble fraction of the fat. The lipids from 
the embryo do not give the test for the S-S or S—-H linkage. The com- 
pound in question has not as yet been obtained in a sufficient state of 
purity to be identified. Balls and Hale (1940) have recently published 
a preliminary report on this substance. 
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The Influence of the Lipids on the Keeping Quality 
of Wheat Products 


Flour, especially low-grade flour, bran, and germ contain lipases 
which under proper conditions of moisture, temperature, and pH hydro- 
lyze the glycerides forming fatty acids (Sullivan and Howe, 1933). 
The hydrolysis is much more rapid at the higher moisture and tempera- 
ture levels. If flour is stored in a cool dry place it maintains its baking 
quality for several months. Storage for long periods, especially in 
warm humid climates, causes the flour to deteriorate and become unsatis- 
factory for bread-making purposes. Such a damaged flour exhibits a 
“ short ” gluten and dough—that is, a dough that lacks extensibility and 
tears easily. The handling characteristics of the dough, its gas reten- 
tion, volume, flavor, and taste, all suffer considerably in bread made 
from such a flour. 

A flour which has gone out of condition for this reason may be ex- 
tracted with ethyl ether, the fatty acids and fat removed, and fresh- 
flour fat (extracted from fresh flour of the same grade with ether) 
added back in the amount originally present in flour with the result that 
the baking quality becomes normal. The ether-extracted, aged flour 
without the addition of the ether extract from a fresh flour gives poorer 
volume in many instances than the out-of-condition flour. It is interest- 
ing in this connection that although fat from a freshly milled flour will 
bring back to normal the ether-extracted sample, fat from fresh-wheat 
germ will not, although the latter improves the handling characteristics 
of the dough. Since the fatty acids of the glycerides are not signifi- 
cantly different in kind and amount in any of the various milling separa- 
tions we have not as yet succeeded in explaining this observation. 

Kosmin (1934, 1934a, 1935) has shown that unsaturated fatty acids 
influence the colloidal behavior of the gluten by thickening the gel. 
Saturated acids show no such effect. Resnitschenko and Popzowa 
(1934), in an extension of Kosmin’s work found that the effect of 
unsaturated acids on gluten was not due to their acidity as such but to 
the presence of the group RCH: CHCOOM where R — radical and M 
a metal or hydrogen. Both Kosmin and Resnitschenko and Popzowa 


judged the action of these compounds only by the feel of the hand- 
washed gluten. 

Our own work (Sullivan, Near, and Foley, 1936) has shown that 
the unsaponifiable material from the lipids of the various separations 
and the simple triglycerides such as tripalmitin, tristearin, trimyristin, 
and triolein have little or no effect on the behavior of a patent flour as 
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shown by plasticity measurements and baking tests. The higher satu- 
rated fatty acids which may occur in small amounts in any wheat product 
as a result of hydrolysis of the triglycerides have only a very slight 
“ shortening ” effect on the flour. Unsaturated fatty acids such as oleic, 
linolic, and linolenic produce “ short,” tough, and brittle glutens when 
added to sound normal flour. These unsaturated acids, however, are 
only slightly detrimental to the baking quality of flour. The bread is 
not harmed as much as one would expect from the feeling of the gluten. 
Individual unsaturated fatty acids influence a flour in direct correlation 
with their increasing number of double bonds. Unsaturated fatty acids 
when exposed to oxygen have a marked damaging action on the baking 
quality of flour. The dough feels dead, loses its elasticity and breaks 
easily. The volume of the loaf is decreased considerably. The action 
of these oxidized acids when added to fresh flour is identical with that 
of extreme natural aging of flour. The unsaturated acids which result 
by progressive hydrolysis of glycerides and phosphatides on aging a 
flour do not do much harm to the baking quality until they become oxi- 
dized either by oxidases present in flour or by the oxygen of the air. 
The oxidized products are peroxides rather than hydroxy acids. 

Sinclair and McCalla (1937) found that the volume of an aged, badly 
deteriorated flour could be brought back by 5% of fresh germ but not 
by the alcohol-ether extract of the germ. These investigators thought 
that this effect might be due to the more insoluble lipids of the germ. 
It is our belief that the beneficial effect of this fresh germ on the aged 
flour sample was due to the presence of glutathione which has been 
found in the fresh germ and which reduces the oxidized fat. 

The byproducts of milling—bran, middlings, and germ—are subject 
to a similar hydrolysis of the lipids. On aging, particularly in a sealed 
closed container, the alcohol-ether extract decreases, the ether extract 





increases and the phosphorus and nitrogen contents of the extracts de- 
crease. The changes in amount of total lipid (alcohol-ether extract), 
in acidity, and in phosphorus and nitrogen content of the extracts are 
very much less marked when the samples are stored at 4% moisture 
than when stored at 13% or above. The higher the moisture content 
the greater the enzymic action, as might be expected. Samples of wheat 
or its products which are stored in cotton bags show relatively less 
change in all of the above factors (Sullivan and Near, 1933). 

Thus it can be seen that the more complete the removal of the bran, 
shorts, and germ (all of which are higher than the flour in lipids and 
enzymic activity), the less serious are the storage and transportation 
problems. 
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The Influence of the Lipids on the Baking Quality 
of Flour 


As has already been mentioned, a flour whose fat has become oxidized 
will show poor baking characteristics as reflected in lowered elasticity of 
the dough, as well as in poorer volume, texture, and grain of the baked 
bread. 

A few workers have found that the ether extraction of a flour im- 
proves it while others working on different types of flour have found a 
decided detrimental effect. It has been our experience that ether ex- 
traction injures the breadmaking value of a flour although the gluten is 
in no way harmed. The dough made from the extracted sample is much 
tougher and more rubbery as is also the crumb of the finished bread. 
The volume of the loaf is considerably lowered. These characteristics 
may be restored completely by adding the extracted fat to the ingredients 
used in baking. Germ fat, cottonseed oil, lard, and many other short- 
enings will not fully bring back the extracted flour. We have found 
nothing so far which equals the flour fat in bringing back to normal an 
extracted flour. 

Lecithin is beneficial in giving a smoother feeling dough but other- 
wise, when added in small amounts to a sound normal flour, it has 
very little effect on the baking properties. Shortenings such as lard, 
butter, or hydrogenated vegetable fat are usually added to a bread 
dough in amounts of from 2% to 4%. Shortening enables the sponge 
to be broken up more easily, gives a smoother dough and a more 
tender crumb. However, satisfactory though not quite as good bread 
can be made without shortening. Baker and Mize (1939) have shown 
that doughs which contain no shortening or liquid fats may become 
porous, allowing the expanding gas to escape, while dough containing 
semisolid shortening can retain much of the gas until after starch swell- 
ing and gluten coagulation in the oven. The phosphatides as well as 
other lipids naturally present in flour present a special problem. 

When gluten, consisting principally of gliadin and glutenin, is washed 
out from flour it contains over half of the lipids of the flour in intimate 
combination. The gluten must first be treated with alcohol in order 
to liberate the lipids since only a trace can be removed by direct extrac- 
tion with ethyl ether or petroleum ether. From 5% to 10% of the 
weight of gluten is lipid material. Gluten owes its singular properties 
in part to the lipids which are either adsorbed or in complex formation 
with the proteins. 

Dough, which is an extremely complex colloidal system, has been 
thought of as a meshwork of coiled protein fibrils with starch and water. 
Lipids because of their property of reducing surface tension are con- 
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sidered to be distributed at the interfaces of this meshwork (Working, 
1924). Too close an adhesion of the protein strands is prevented by the 
lipids which give more slippage and greater extensibility to the dough. 

Bungenberg de Jong (1938) has shown that a pronounced shifting 
of the maximum to the acid side in the turbidity pH curve of an alkaline 
gluten sol occurs on the addition of small amounts of lecithin. 

Toughness of a flour is in some way associated with the lipids. 
While there is much too little known concerning the exact role of the 
lipids in determining dough characteristics, all of the available findings 
indicate that the lipids are an extremely important factor in the proper 
estimation and knowledge of gluten quality. It is upon the amount 
and characteristics of the gluten that the baking quality, in a large meas- 
ure, depends. 

It is to be hoped that future work will throw more light on this 
problem. 
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THE EFFECT ON DIASTATIC ACTIVITY OF SURFACE, 
PRESSURE, DIFFERENTIAL, AND TEMPERATURE 
OF THE REDUCTION ROLLS IN MILLING 


EDWIN ZIEGLER 
Buhler Bros., Uzwil, Switzerland 


(Read at the Annual Meeting, May 1940) 


A great effort has been made during the last twenty years to 
standardize analytical and baking methods for testing wheat. There 
is a corresponding need with reference to the experimental milling test, 
which is to-day often carried out exactly as it was thirty years ago, 
when Willard and Swanson (1911) published the details of their method 
and equipment. The necessity was recognized by the Milling and 
Baking Section of the Sixth International Technical and Chemical 
Congress of Agricultural Industries held in Budapest (Hungary) in 
July, 1939. This section passed a resolution that the laboratory 
milling test should receive priority in discussions at the next congress 
to be held in Rome. 


Factors Involved in Milling 


A few of the following isolated factors have already been studied 
by various workers. They will probably have to be tested in con- 
junction with other factors, as there is a lot of overlapping in their 
effects. 


I. Break rolls: diameter, corrugation (number and form), surface, 
degree of spirality, differential, speed, length of roll. 

II. Smooth rolls: diameter, surface (hardness of material, micro- 
scopic structure), true running, differential, speed, pressure, tempera- 
ture, length of roll. 

III. Product: hardness (type of wheat, preparation), moisture, 
fineness or granulation, characteristics of starch (resistance to me- 
chanical treatment), quality of gluten (resistance to mechanical treat- 
ment), temperature. 
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IV. Air in milling room or mill: temperature, relative humidity. 
V. Milling technique: flow sheet, roll adjustment, sifting and 
purification. 


The whole problem is complicated by the fact that the effects on 
diastatic activity and on gluten quality are often diametrically opposed 
to one another, as has been mentioned by Griinder (1935), Pulkki 
(1938), and others. 

It is surprising that so little is to be found on the subject of the 
present paper, even in well-known milling books, such as those by 
Kosmin (1921), Kettenbach (1922), Miller (1923), Dedrick (1924), 
and Hopf (1938). Most publications have been concerned with the 
influence of smooth rolls on the granulation of flour, a subject which 
has recently been reviewed by Kent-Jones (1939). 

Through different methods of casting, very different surface struc- 
tures of milling rolls can be obtained. About the only published 
reference to this is that of Raym and Scharffenberg (1932),' and it is 
also mentioned by Hopf (1938). Geddes and Frisell (1935) used steel 
reduction rolls which had been hardened by carbonizing. 

No reference was found to the actual pressures used in milling, but 
Leatherock, McGhee, and Giertz (1937) mention the probable effect 
of the severity of pressure in grinding. 

The temperature plays an important part. With cold rolls Geddes 
and West (1930) always obtained higher yields and they advocate 
warming up the rolls, as also does Miller (1937). Ostwald and Stein- 
bach (1928) were interested only in granulation as influenced by tem- 
perature in milling with a coffee mill. The different cold milling 
systems (e.g. Loizillon) do not seem to have been studied with regard 
to their influence on diastatic activity. Strangely enough Levinson 
(1935) states that roll temperature has no great practical influence on 
the temperature of the product under the rolls. He reckoned that the 
product was in contact with the rolls for only 1/350 second 

As far back as 1879 Brown and Heron found that mechanically 
injured starch granules are more easily attacked by diastase (reported 
by Karacsonyi and Bailey, 1930). Blish, Sandstedt, and Kneen 
(1938) showed that sound, unruptured granules (raw starch) are not 
attacked by beta-amylase at all. Alsberg and Griffing (1925) state 
that flours with many injured starch granules, which can be stained 
e.g. by Congo red, have much material, beta-amylose, dissolved out 
of the granules. Karacsonyi and Bailey (1930) believe that the 
increase in diastatic activity due to overgrinding, as measured by the 
Rumsey autolytic method, is not due to any stimulation of the diastase, 





1 The microphotos of roll surfaces published by the authors are not of the surface itself, but of a 
cut perpendicular to the surface. 
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but rather to an increase in accessibility of the starch to the diastase. 
It is significant that in spite of this increase, gas production was not 
substantially modified by overgrinding. Pascoe et al. (1930) found an 
increase in diastatic activity equal to 35% after regrinding flour in a 
ball mill for 20 hours. Recently it has been shown by Sandstedt e? al. 
(1939) that the available starch fraction, termed amylodextrin, is also 
very important as a factor influencing the handling quality of a dough. 

Pulkki (1938a) thinks that the starch cells of wheat are surrounded 
by a film or a thin layer of substance which is easily removable by 
means of mechanical treatment. The explanation of the British Flour 
Millers’ Research Association, however, seems to be better. Kent- 
Jones (1939) reports on their work according to which starch cells are 
probably ruptured around the edges, and starches probably show 
different degrees of resistance to the mechanical attack during milling.? 


Apparatus 


Figure 1 shows the modified experimental mill used for most of the 
tests here reported. The rolls could be very quickly changed, which 
was of special interest in the case of tests done at different temperatures. 















Spring 
\Ball - bearing 
J*—~Weight 














Fig. 1. Laboratory mill for working at a given pressure. 





2 Since the present paper was written C. R. Jones (Cereal Chem. 17: 133-169, 1940) has published 
results of outstanding importance on the work of the Association referred to. He differentiated between 
two factors. One of them, the ‘surface factor,"’ is due to shearing or scraping of material from particle 
surfaces. This factor is influenced by roll surface and differential roll speed. On the other hand, there 
is the ‘‘internal factor,’ due to crushing or partial flattening of larger particles. Here the maltose 
figure depends on the size and hardness of the particles and on the roll pressure. 
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The main feature is the use of weights instead of springs to apply 
pressure. The strong spring shown in Figure 1 was included only in 
case some hard substance might get in between the rolls, but had no 
effect on the actual pressure. Exact pressures could be applied since, 
in addition to the weights, each of the two rolls was driven by a sepa- 
rate belt. With the use of gearing at the one end of the rolls—the 
usual practice in Europe—exact measurement of roll pressure can only 
be made by making allowance for the one-sided pressure caused by 
the gearing. For instance, when developing the Buhler roll-pressure 
applying and indicating device, by which any pressure can be set by a 
mere movement of the hand and kept constant, special attention had 
to be paid to this one-sided additional variable. In the mill (Fig. 1) 
the rolls had a diameter of 6 inches (150 mm.), the usual diameter used 
in experimental work; the length was 8 inches (200 mm.). 

Three widely different roll surfaces were chosen. The term 
‘polished ”’ is used in this paper to designate a pair of new smooth rolls, 
whereas the rolls which are here termed ‘‘frosted”’ were treated with 
a sand blast. The degree of roughening depends of course on the 
hardness of the roll and the microscopical texture of the surface. The 
“‘scratched”’ rolls are those to which cross-cuts of 1 to 3 mm. length 
had been applied at 45° and 135° to the axe. The Brinell hardness 
was 555, which is very hard, but it is not implied that this is the 
optimum. The pressures used were 246, 465, 688, and 908 kg. per 
meter of roll length. These were actually obtained by adding the 
following weights to each end of the roll (Fig. 1): 7.7, 14.5, 21.5, and 
28.4kg. Incommercial milling of the type of product used in our tests, 
a pressure of 600 to 700 kg./m. would be normal under European 
conditions. In some cases, on other products, pressures up to 1300 kg. 
have already been measured. 

The speed of the fast roll was in all cases 340 rpm., which is slow 
for American conditions. Both in Europe and America 1 : 1.5 is a 
normal differential for the reduction rolls. In our tests 1:1 and 
1 : 2.4 were also applied. 

For the experiments on roll temperature effect the whole rolls were 
placed in a hot or a cold water bath for one hour before thorough drying 
and use in the mill. No arrangement was available for keeping the 
roll surface temperature constant. 

The feed was kept constant, by setting the feed gate. The air 
in the milling room was 18°C. and had a relative humidity of 55%, 
except for Test 3. For one test the Buhler automatic laboratory mill 


was used. 
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Material and Methods 


Most of these preliminary tests were done with coarse middlings 
of medium hardness going to the third reduction of a commercial mill, 
having a moisture content of 14.0%. In some cases flakes were pro- 
duced, which were eliminated by gentle rubbing. In all cases the 
product was milled only once, so that the contact with the rolls would 
only be approximately 1/100 second. The maltose tests were made on 
the whole product. 

With the autolytic saccharification in flour the limiting factor is the 
quantity of readily available starch present (Blish, Sandstedt, and 
Kneen, 1938), but—the same authors go on to say—autolytic flour 
‘“‘maltose values’’ represent approximately a 60% conversion of the 
available starch fraction. 

Besides the Blish and Sandstedt ferricyanide maltose determina- 
tion, the Berliner and Schmidt (1933) colorimetric maltose method, 
which is calibrated against the Berliner and Riiter (1928) titrimetric 
method, was used. Since the autolysis in this last case was only done 
with a 10% flour-water suspension for 30 minutes at 25°C. much lower 
values were obtained than by the method of Kent-Jones. The latter 
advocates a maltose figure between 1.8% and 2.3%, which would 
correspond to 1.0% and 1.4% by the other method. The colorimetric 
method is now done with a 20% flour-water suspension, which is 
digested for 60 minutes at 27°. Fifteen cc. of filtrate is boiled with 
5 cc. of normal NaOH. Maltose as well as glucose and levulose are 
caramelized, but sucrose is not. The depth of yellow-brown color is 
correlated to the maltose figure. Because of its extreme simplicity 
this colorimetric method is widely applied in certain parts of Europe. 
At first a series of standard colored liquids in sealed tubes was used; 
now the comparison is usually made with a calibrated photoelectric 
cell (Berliner and Kranz, 1937). Schmidt (1938) reported on further 
aspects of the method. 

The ash determinations were made at 600°C. by the direct ashing 
method. The temperatures of the stationary rolls were measured with 
a very fine thermocouple specially constructed to give a good contact 
with the surface. 


Experimental 


Test 1. Surface, differential, and pressure: For this test one pound 
of product was milled under each of the 36 different conditions. 
Temperature was not considered in this first test, which was carried 
out six years ago. The results are shown in Figure 2 and Table I. 
The figure shows that with a very smooth surface even a high differen- 
tial and a high pressure yields only a low maltose figure, in spite of the 

















Nov., 1940 


EDWIN ZIEGLER 





40 


3-0 


— 
mo] 
oO 
= 
ov 
E 
LL 
vu 
= 
, 
w 
ie) 
~— 
3 
r] 
= 
3s 


| scratched 






Differential 
sommes 94:24 
om-m-o 434:5 
omme 4:4 























x 

1 frosted ; 

1 —_—— oo -o 
1-0 igi sain 

s gs E— 

nee Sn ana ae ae eae 

0-6 i. 

| polished ——,, 
0: Lo erp = Sef 


Fig. 2. 


INFLUENCE OF 


Data represent mg. maltose per 10 g. flour (Blish and Sandstedt method) 
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ROLL PRESSURE AND DIFFERENTIAL ON DiAsTATIC ACTIVITY 


WITH THE ‘“‘SCRATCHED”’ ROLL SURFACE 
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fact that in this case a fairly high temperature was developed. Na- 
turally it was the scratched surface which produced the highest maltose 
figures. With this surface, even with a normal differential and 
pressure, high values are obtained. 

The increases shown in Table I and measured by the Blish and 
Sandstedt method are not so large in percentage as with the Berliner 
method. Whereas diastatic activity increased constantly, this cannot 
be attributed to greater fineness alone, because there is a maximum 
pressure for a product above which no greater fineness can be obtained. 

Test 2. Surface and ash: This test was done with the Buhler auto- 
matic laboratory mill, with which the same sample of Manitoba 2 
wheat prepared in exactly the same way was milled. The rolls were 
set to a definite distance in this case, on the three reduction streams 





200) 


180/- 





160- “ 


mg.Maltose(Blish method) 











Se ae 
34 .36 .38 40 .42 44 


°/. ash 


Fig. 3. Influence of roll surface on maltose figure and ash content (13.5% moisture basis). sc 

scratched surface. f = frosted surface. » = polished surface. The lowest ash value of each curve 

is for first-reduction flour alone. The middle value for first- + second-reduction flour. The highest 
value is for a mixture of all three reduction flours. 


to 0.07, 0.05, and 0.03 mm. Figure 3 shows the relationship of mal- 
tose to ash for the three different surfaces. The flour yields were: 


Total yield in 


Surface reduction flour 
Scratched 49% 
Frosted 46% 


Polished 40% 
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The superiority of the rough surfaces for diastatic activity and yield 
is clearly seen and cannot be due only to the higher ash content; other- 
wise the curves marked sc and f would be in the prolongation of curve p. 

Test 3. Roll temperature: The smoother the roll surface the more 
heat is developed during milling. After milling for one hour in the 
Buhler mill at a given setting (rolls not touching) and capacity the 
following temperatures were measured: 


Scratched surface (cool, exact temperature not measured) 

Frosted surface 40° 

Polished surface 55° 
The following test was done with the mill shown in Figure 1, using the 
frosted surface, 690 kg./m. and a differential of 1: 1.5. The product 
used here had a moisture of 15.1% before milling, the room temperature 
was 15°-17° with an air humidity of 43%, and the barometer was 705 
mm. Hg. In each case 2 kg. of middlings were milled. As abscissas 
of Figures 4 and 5 the average temperatures of both rolls before and 
after milling were taken. Figure 4 shows that under 45° the rolls had 
a tendency to warm up, whereas over that temperature a cooling down 
took place. Flour temperature increased as a linear function of roll 
temperature between 14° and 41°. This produced a loss in moisture 
up to 2%, although the product was only milled once. 

The increase in maltose—as measured by the Blish method (Fig. 5) 

—was 42% from 6° to 20° and 32% from 20° to 78°, from 30° onwards 
the increase being fairly linear. 


Discussion 
Table II summarizes the results obtained. The effect of tempera- 


TABLE II 
SUMMARY OF THE RESULTS OBTAINED 





Maltose Roll 








figure Pressure Differential Surface temperature 
High Medium Medium Rough -- 
” High High Medium ~ 
Medium Medium Medium High 
Low High None Rough — 
High High Smooth 1 
1 Under these conditions roll temperature would be fairly high. 


ture alone is not yet quite clear. There may be an activating in- 
fluence on one of the enzymes, but the greatest effect is no doubt on 
the starch. 

Most authors have given figures showing that the diastatic activity 
of flour from laboratory-milled wheat is only about 65% of that ob- 
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tained by commercial milling. The curves of Anderson (1938), who 
compared commercial flour to flour from the Buhler laboratory mill, 
show that in some cases there is good agreement in diastatic activity 
and gas production; in others again the usual lower values for the 
laboratory flour occur. In view of the results discussed here and of 
the fact that in some American commercial mills reduction rolls are 
allowed to run very warm, it is believed that temperature differences 
at least explain part of the discrepancy found between commercially 
and laboratory milled flour. It may be that in the case of large mills 
which maintain cool reduction rolls the correlation of the maltose 
figure with that of experimentally milled flour is better than average. 

To the effect of temperature must be added that of surface structure 
of rolls. The present study confirms the statement by the author 
(1938) that laboratory milled flours can be obtained with a normal 
diastatic activity and that it is a question of choice of roll surface. 
However other factors, such as gluten quality, do not permit the use 
of the roughest possible surface. 


Summary 


The main factors involved in milling have been enumerated. A 
laboratory mill has been described, which permits the accurate meas- 
urement of roll pressure. The normal pressure used in the milling of 
coarse middlings is about 600-700 kg. per meter roll length. 

Middlings were milled using three different roll surfaces, roll 
pressures between 250 and 900 kg./m., three different differentials and 
roll temperatures between 6° and 78°C. 

In the absence of differential or with a polished surface no signifi- 
cant increase in diastatic activity was caused by milling, whatever the 
pressure and surface in the first case, or the pressure and differential in 
the second case. 

In the presence of a differential, the rougher the surface and the 
higher the roll pressure the greater the increase in diastatic activity. 

The smoother the reduction rolls, even if they do not touch each 
other, the more heat they develop in milling. Roll temperature below 
20°C. had more effect on diastatic activity per degree increase than 
above that temperature. From about 30°C. to 80°C. the increase in 
maltose figure seemed to be a linear function. Although the product 
was only in contact with the rolls for approximately 1/100 second the 
effect of milling on diastatic activity was very noticeable. 

The higher maltose figures of commercially milled flours, as com- 
pared with experimentally milled flours, doubtless result in part at 
least from the higher roll temperatures involved in the former process. 
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FACTORS WHICH INFLUENCE THE PHYSICAL PROP- 
ERTIES OF DOUGH. I. EFFECTS OF AUTOLYSIS 
ON THE CHARACTERISTICS OF DOUGH 
MIXER CURVES! 


C. O. SWANSON 


Agricultural Experiment Station, Manhattan, Kansas 


(Read at the Annual Meeting, May 1940) 


The variability of curves made by a recording dough mixer from 
different flours, even from the same variety, has been shown by 
Swanson (1939). The determination of factors that may cause curves 
to vary is the object of the present series of studies. 

Dough has three principal physical properties: plasticity, elasticity, 
and viscosity. These properties merge into each other, and, as a 
result of this merging, each characteristic cannot be isolated to permit 
independent study. Because of this, the experimental measures of 
the physical properties of dough do not have the same definiteness as 
if each one of these main properties could be measured by itself and 
uninfluenced by the others. The characteristics of a dough-mixer 
curve are the resultant of the changing plastic, elastic, and viscous 
properties of the dough while being mixed. During that period of 
mixing which is represented by the ascent of the curve, the water is 
brought into contact with and is adsorbed by the starch granules and 
the protein which forms the gluten. During this period, because of 
the stretching, folding, and restretching action of the moving pins in 
the mixer, the gluten strands become oriented into a more or less 
parallel pattern and this continuously developing arrangement 
increases the resistance to the movement of the pins through the 





1 Contribution No. 68, Department of Milling Industry. 
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dough because of increase in elasticity and viscosity. The spreading 
of the water films over the starch granules and adsorption on the 
granules are the chief causes of the development of plastic properties. 
Starch does not contribute to the elasticity; this inheres in the gluten 
strands. 

The viscous properties are mainly inherent in the water films 
which cover both the starch granules and the gluten strands. Maxi- 
mum resistance to the movement of the pins through the dough occurs 
when there is the greatest parallel arrangement of the gluten strands 
in the dough and before the strands start to disintegrate. The curve 
reaches the top at the stage of maximum resistance. The rate of 
increase in resistance and the duration of maximum resistance, giving 
sharp, rounded, or flat-top curves, is a variety characteristic. When 
the resistance decreases, the curves start on the down slope. The 
steepness of the down slope depends upon the rate of decrease in 
resistance, and this also is a variety characteristic. 

These characteristics (rate of increase in resistance, duration, and 
rate of decrease) are related to inheritance and can thus be used in 
the evaluation of varieties. The curves are also influenced by the 
amount of water used in mixing the dough, by the protein content, 
and by the adjustments on the mixer. Hence, all these must be 
carefully considered in the interpretation of the curves. 

The cause of the decrease in resistance is probably the disintegration 
of the gluten strands. Hale (1939) presents evidence that “‘pro- 
teinase”’ is present in wheat flour and that it is an enzyme of the 
papain type. Markley and Bailey (1938) cite statements which 
indicate that wheat germ, glutathione, water extracts of yeast, wheat 
malt, and proteolytic enzymes increase the mobility, that is, decrease 
the resistance. Cysteine accelerates the rate of decrease, while 
bromate retards it. Overmixing the dough past the point of maximum 
resistance gives a measure of mechanical damage to the gluten struc- 
ture. They also indicate that the effect of wheat malt in increasing 
the mobility is due almost entirely to alpha-amylase rather than 
proteases and that it is possible that in some flours the only force 
active in increasing the mobility upon prolonged mixing is that 
inherent in the starch. Markley (1937) has shown the thixotropic 
nature of the starch-water systems. Skovholt and Bailey (1935) 
found that nonprecipitable nitrogen increased with the extent of 
mixing and if proteases were added this was much larger. However, 
the increase in precipitable nitrogen was too small to be commensurate 
with the physical breakdown of the dough. The changes in physica] 
properties are thus shown to be due to both chemical and physical 
forces. 
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Cairns and Bailey (1928) digested a mixture of 25 g. of flour and 
100 cc. of toluene water. After five hours of digestion of first middlings 
flour + 0.1 g. of trypsin, the decrease in viscosity was from 125, 
control, to 12 W&T°. Without added protease the change after 24 
hours of digestion of straight winter wheat flour was from 145, control, 
to 40 W&T°. When 3% of sprouted wheat flour was present the 
decrease was from 121 to 35 W&T°. Thus there are substances in 
the flour itself which decrease the viscosity, but the rate is much less 
than when proteases are present. 

Some random curves made in this laboratory showed that flour- 
water doughs undergo changes after mixing and incubation, and that 
these changes are reflected in the characteristics of the curves made 
on the incubated doughs. Further, the extent of these changes 
becomes greater with the duration of the time of incubation. The 
changes found are characterized by the resistance to mixing, rapidly 
reaching a maximum and a greater rate of decrease in resistance. 
These changes might be caused by the action of proteases on gluten, 
by liberating phosphatides which would decrease viscosity of the 
water films that form a continuous system through the dough, by the 
increase in the amount of free water in this system. Scott Blair 
(1938) states: ‘‘Flour suspensions lose viscosity on standing and so 
do doughs. . . . it seems that the protein takes up more water than 
it can afterwards hold. As it gradually gives up this water, the 
starch gains water, but does not immediately immobilize it in the 
same way as does the proteins and the viscosity falls. It is for this 
reason that doughs soften during fermentation.” 

There are, thus, several ideas as to the causes of the changes which 
occur in the flour-water doughs upon standing and which are shown 
in the characteristics of curves made on such doughs. One theory is 
that the changes are due to enzymes and the other is that they are 
due to a type of syneresis which would increase the freedom of flow 
of dough substances on each other. If the changes are due mostly 
to enzymes, then they should be influenced by inhibitors. 

There is also the possibility that the decrease in resistance is due 
to mechanical tearing of the gluten strands as soon as the remixing 
starts on the incubated doughs. It is also probable that several of 
these causes are operative at the same time, making the solution of 
the problem more difficult. 


Experimental Procedure 


The general procedure in these experiments was to mix the flour- 
water doughs until the water was incorporated, remove the dough 
from the mixer, place it in a small dish, cover and place in a cabinet 
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controlled at 30°C. This treatment in the cabinet subjects the dough 
to what may be called autolysis.2, After predetermined periods of 
incubation, the dough was replaced in the bowl of the National 
Swanson-Working recording mixer * and the curves obtained. This 
mixer requires only 35 g. of flour for each curve. Optimum absorption 
and a constant machine setting were used. The periods used at first 
for incubation were }, 4, 1, 2, 3, and 4 hours, but it was soon found 
that periods longer than two hours served no useful purpose. Several 
modifications or additions to this procedure were used which will be 
explained in connection with the several experiments. The absorption 
was so controlled that the consistency or ‘“‘feel’’ of the dough was 
very similar to that of doughs used in baking. Not all curves obtained 
are presented in the figures which are given, but a selection was made 
of those curves which best illustrated the changes in the dough in 
connection with a particular experiment. Control curves were 
obtained for each important group. 

The flours selected for this study were from Tenmarq, Turkey, 
and Chiefkan wheats and were chosen because it was known that 
their doughs had very pronounced differences in physical properties 
and hence would give curves of varying characteristics. The moisture, 
protein, and ash (not corrected for moisture) on these flours were as 





follows: 
Moisture, % Protein, % Ash, % 
Tenmargq 12.62 12.81 400 
Turkey 13.14 13.05 448 
Chiefkan 13.61 12.80 442 


Effects of Autolysis on Curves 


The control curves and the curves obtained after $, 1, and 2 hours 
of incubation are shown in Figure 1. Curves were also obtained 
after 3 and 4 hours of autolysis and were very similar to those obtained 
after 2 hours. Considerable changes had taken place in the }-hour 
period and the }-hour curves differed from the }-hour curves only in 
showing less amount of change. It is evident that the greatest 
amount of the change took place in the first half hour and that among 
the varieties, Chiefkan shows the greatest amount of change, Tenmargq 
the least, and Turkey intermediate. The three curves in the bottom 
row were included here to show the effect on Turkey flour of 12 mg. 
of papain added to the water at the time of the first mixing. These 





2 Autolysis is used here to designate the process resulting in the automatic disintegration of sub- 
stances such as gluten or starch similarly to what happens when the presence of enzymes is known. 

+ The movement of the pen and chart paper in this mixer is such that the curves resemble those 
made by the Swanson-Working larger machine (Swanson, 1939). For a description of this machine 
see Cereal Chemistry 10: 11-21. 
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curves were made after the doughs had been incubated for 5, 10, 
and 15 minutes, respectively. 

The curves from the autolyzed doughs differ from the control in 
these respects: The pen swung almost to the top of the chart at once, 
and this was caused by the plasticity yield value when the pins started 
moving through the dough. The height of this swing cannot be used 


| FR LAT I Fo EF GH Fo = ee 




























































































































































































































































































































































































Fig. 1. Effect of autolysis. 


(Figures in parentheses refer to the curve numbers.) 


Top row, Turkey (1) Control (2) 4hr. (3) 1 hr. (4) 2 hrs. 
Second row, Tenmarq (5) Control (6) 4 hr. (7) 1 hr. (8) 2 hrs. 
Third row, Chiefkan (9) Control (10) 4 hr. (11) 1 hr. (12) 2 hrs. 
Bottom row, Turkey +papain (13) 5 min. (14) 10 min. (15) 15 min. 


as a comparative measure of yield value because of the inevitable 
variation in handling when the autolyzed doughs are replaced in the 
bowl. After the first upward swing the width of the curve assumes 
the maximum and for Turkey and Tenmargq there is a short upturn, 
but not for Chiefkan. The rate of decrease in resistance is greater 
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for the autolyzed doughs than for the controls, especially for Chiefkan. 
The curves showing the effect of papain are similar to the others with 
the exception that the change was much greater. The papain pro- 
duced in five minutes as great an effect on Turkey as autolysis for 
one-half hour, and in ten minutes the effect was as great on Turkey as 
autolysis for one hour on Chiefkan. 


Effects of Varying Protein Content on Autolysis 


The three flours used for the curves in Figure 1 had nearly the 
same protein content. Would the effects of autolysis be similar on 
high and low protein flours? 

From wheat-variety testing experiments, there were on hand flours 
from several varieties which varied in protein content. Five flours 
from Turkey varied in protein from 9.5% to 15.6%; four from Michigan 
Wonder varied from 10.3% to 14.0%; five from Chiefkan varied from 
10.6% to 15.4%; and five from Clarkan varied from 9.9% to 15.4%. 
Curves were obtained on all these flours both before and after one 
hour’s incubation. From these curves there are shown in Figure 2 
those from the highest and lowest protein samples in Turkey and 
Michigan Wonder and also the curves from the lowest, medium, and 
highest protein samples from Chiefkan and Clarkan. The check 
curves are placed in the first and third rows, and the curves from the 
autolyzed doughs in the second and fourth rows. 

The effects of the protein content on the curve characteristics are 
striking. The tops of the curves from the high-protein flours are 
much higher than those from the low-protein flours. The protein 
content does not influence the time required for the curve to reach 
the top, and this makes the angle of the ascending and descending 
slopes much greater in the curves from the high-protein flours. The 
effects of autolysis are relatively the same on the low as on the high- 
protein flours. Chiefkan and Clarkan show a much greater increase 
in mobility than Turkey or Michigan Wonder. The conclusion from 
the curves shown in Figure 2 is that although the protein content 
has a great influence on the curve characteristics, it is not in itself a 
factor in the autolysis of the flour and water doughs. 


Effects of KBrO; on Autolysis 


The first thought might be that the changes which take place 
during incubation are caused by proteolytic enzymes. Their activity 
would weaken the gluten strands and when the dough is remixed the 
resistance would be greatly decreased as soon as the plastic yield was 
overcome. In overcoming the plastic yield, there is a tearing action 
of the weakened gluten strands. That proteases cause a decrease in 
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viscosity was shown by Cairns and Bailey (1928). If the cause of the 
large decreased resistance is due to proteases, then their action should 
be stopped or minimized by protease inhibitors such as KBrQs. 
Flohil (1936) reports that KBrO; neutralized the effects of papain and 
malted wheat flour extract. In the wheat-meal-time-fermentation 
test it was found that KBrO; greatly increased the time from the 
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Fig. 2. Autolysis of flours of varying protein content. 











Turkey Michigé an Wonder 
Protein, % 9.5 15.6 10.3 14.0 
Checks (1) (2) (3) (4) 
Incubated (5) (6) (7) (8) 

Chiefkan Clarkan 
Protein, % 10.6 12.7 15.4 9.9 12.2 15.4 
Checks (9) (10) (11) (12) (13) (14) 
Incubated (15) (16) (17) (18) (19) (20) 


moment the doughball was put on the water until a break was observed 
at the water-dough interface. It was found that proteases would also 
markedly decrease this time (Swanson and Dines, 1939). 

The effects of using KBrO; are shown in Figure 3. The upper 
row of curves is from Turkey, the middle row, from Tenmargq, and the 
bottom row from Chiefkan. Each pair to the left was made using 
16 mg. of KBrO; and each pair to the right with 100 mg. The first 
curve in each pair is the control; the second in each pair is the curve 
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obtained after one hour of autolysis. Longer and shorter periods were 
also used for autolysis, but the curves obtained after one hour illustrate 
what took place. 

The presence of 16 mg. of KBrQ,; slightly increased the duration 
of the upturn in the curves obtained after autolysis, and with 100 mg. 
the upturn was even greater, especially for Turkey and Tenmarq. 
Part of the rise in the curves after autolysis may have been due to the 
salt effects, especially when 100 mg. were used. As is well known, 
certain salts, notably NaCi, have a stiffening effect on dough. That 
KBrO; has a marked effect on the dough during mixing has been 
shown by Baker and Mize (1937). Freilich and Frey (1939) found 

















ITH 
~~ 
| 
Wnt 
et 




































































































































































f fz 
T E 
} = 

A 2 : = = 7 
= —F = . aad 
; = == : { = a. 

9 ++ 108 TT TER %% { 
: - i ay Nee 
a tk at === =. ! a. a | 

Fig. 3. Effects of KBrQOs. 
16 mg. K BrO; 100 mg. KBrO; 

Turkey (1) Control (2) 1 hr. (3) Control (4) 1 hr. 

Tenmarq (5) Control (6) 1 hr. (7) Control (6) 1 hr. 
Chiefkan (9) Control (10) 1 hr. (11) 1 hr.! (12) Control! 


! These two have been reversed in position by mistake. 


that increasing amounts of KBrO; gradually neutralized the effects 
of papain. Too large amounts, however, reduced the loaf volume. 
It thus becomes difficult to say whether there was any inhibiting 
effect from the KBrQs. 


Effects of NaCl and KBr 


To learn how much the salt effects of KBrO; may have influenced 
the characteristics of the curves in Figure 3, NaCl and KBr were 
added to the water used in mixing the dough. The stiffening effect 
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of sodium chloride and similar salts on dough is probably due to the 
adsorbed ions holding around themselves shells of water molecules. 
This would decrease the amount of water in the free condition and 
thus diminish the ease of movement which is made possible by the 
water films on the gluten strands and on the starch granules and 
hence cause an increase in resistance. Such an effect would also be 
produced by KBrQs, and this may partly account for the behavior of 
the curves from the doughs autolyzed with the 100 mg. of KBrQs. 
This salt, however, has an additional action because of its oxidizing 
effects which the bromide, KBr, would not have. The curves obtained 
from using NaCl and KBr are shown in Figure 4. The left three 
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Fig. 4. Effects of NaCl and KBr. 








100 mg. NaCl 100 mg. KBr 
Turkey (1) Control (2) Autolyzed (3) Control (4) Autolyzed 
Tenmarq (5) Control (6) Autolyzed (7) Control (8) Autolyzed 
Chiefkan (9) Control (10) Autolyzed (11) Control (12) Autolyzed 


pairs show the effect of NaCl and the right three pairs, the effect of 
KBr; the right one in each pair is the curve obtained after one hour 
of autolysis, and the left is the control containing the salt but obtained 
before autolysis. 

The effects of each of the two salts are very similar, both before 
and after autolysis. Both the salts produce a stiffening effect shown 
by the increase in the heights of the curves. These two salts are not 
protease inhibitors; hence the rise in the curves after autolysis is due 
primarily to the effects of the salts restricting the mobility by the 
appropriation of water and hence decreasing the amount in the water 
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films. The similarities in the curves of Figures 3 and 4 indicate that 
the KBrO; did not have any protease-inhibiting effect. 

Besides proteolysis there are other suggestions as to the cause of 
increased mobility in the autolyzed doughs. One is that it is perhaps 
due to a type of syneresis by which water is released from the protein, 
thus increasing the amount of free water. If the increased mobility 
is due to this cause, then the addition of starch, which would serve to 
appropriate this free water, should decrease the mobility. A few 
such trials were made, but with inconclusive results. Trials were 
also made to see if squeezing the autolyzed doughs between iron 
rollers would restore the viscosity, but the results of this were also 
inconclusive. 


Summary Discussion 


Doughs were mixed until the water was incorporated with the 
flour and then left in a cabinet controlled at 30°C. for various periods 
of time. They were then placed in the bowl of the recording dough 
mixer and the curves obtained. These curves from the autolyzed 
dough differed very much from the curves obtained immediately after 
the water came in contact with the flour. The plastic properties were 
more evident at first. The yield value was such that the pen swung 
nearly to the top of the chart at once, then swung back and forth, 
and there was only a small rise in the curve. This rise decreased in 
relation to the duration of the autolysis. The maximum resistance 
lasted only a short while when it rapidly assumed the minimum with 
a steep down slant of the curve. Considerable change had taken 
place in one-fourth hour, much more in one-half hour, and after two 
hours there was little further change. These changing characteristics 
were more evident in Chiefkan than in Turkey, and more so in Turkey 
than in Tenmargq. 

The curves from autolyzed doughs were similar to those obtained 
with the use of papain. If this change upon autolysis was due to 
enzyme action, it was only slightly influenced by the presence of 
KBrO;. There was some “salt effect’’ from KBrO; which was shown 
to be similar to the effects of KBr and NaCl. 

The gradual softening of the dough becomes a factor when doughs 
are mixed for a long time. The continuous mixing would not have 
the same effect as remixing after the doughs have stood for some time 
as was the case with these autolyzed doughs. But since the effects 
of this standing was marked after 15 minutes and much more so after 
30 minutes, it is easily possible that this change starts soon after the 
dough has reached maximum resistance in the mixing. This softening 
also becomes a factor when tests are made on doughs which are 
allowed to stand considerable periods before the tests are applied. 
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FACTORS WHICH INFLUENCE THE PHYSICAL PROPERTIES 
OF DOUGH. II. EFFECTS OF ENZYMES ON 
CURVE CHARACTERISTICS ! 


C. O. SWANSON 


Agricultural Experiment Station, Manhattan, Kansas 


(Read at the Annual meeting, May 1940) 


In a previous paper (Swanson, 1940b) it was shown that autolysis 
or merely incubating dough at 30°C. for various periods after it is 
mixed has a marked influence on the curve characteristics of this 
dough when it is remixed. The change was clearly noticeable after 
15 minutes, and after one hour or more it was very marked. The 
curves obtained by remixing the dough after incubating at 30°C. for 
various periods resembled the curves obtained when papain had been 
added when the dough was first mixed and the curves run after only 
a few minutes’ rest. 

The main difference in procedure was in the length of the incubation 





1 Contribution No. 69, Department of Milling Industry. 
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period. While the end results were similar, the effects from papain 
were produced in a very much shorter time than when the water and 
flour doughs were autolyzed or incubated. The presence of KBrO; 
had little effect on the characteristics of the curves made on the 
autolyzed doughs, other than what may be termed salt effects. That 
this was a salt effect was shown more clearly by using KBr and NaCl 
for comparison. That the effects from autolysis were apparently not 
due to syneresis was indicated by the negative effects of adding starch 
or flour which would adsorb at least a part of the freed water in the 
autolyzed dough. Reworking and pressing the autolyzed dough 
through iron rolls also had a negative effect, indicating that the 
broken gluten strands could not be reunited by mechanical means. 

In this paper the influences of the presence of enzymes on the 
curve characteristics are presented. Pepsin, trypsin, and papain were 
used as representatives of the proteases, diastase and taka-diastase as 
the amylases, and cysteine monohydrochloride as the protease acti- 
vators. The effects of extracts of commercial wheat germ were used 
to compare with the action of the proteases. KBrQs, as a representa- 
tive of protease inhibitors, was also included in the study. 


Procedure 


The enzymes or other materials used were dissolved or suspended 
in the water so as to be thoroughly distributed while the dough was 
being first mixed. Each dough or curve was made on the National 
Swanson-Working recording mixer? from 35 g. of flour plus the 
needed water. Some curves were obtained from doughs without any 
rest period in order to obtain the effects of the enzymes during mixing, 
and others were made on doughs after resting or incubating for 
various periods so as to obtain the time effects. 


Effects of the Three Proteases: Pepsin, Trypsin, and Papain 


The three proteases were added in varying amounts starting with 
2 mg. and increasing up to 20 mg., and the curves completed without 
any intervening rest period. The curves showed that amounts less 
than 12 mg. had no pronounced effects and amounts larger than this 
served no useful purpose since the curves were very similar to those 
obtained with the 12 mg. The curves obtained with each of the 
enzymes are shown in the upper row of Figure 1 for Turkey, and in 
the third row for Chiefkan. The first curve in each row is the check, 
the second curve shows the effect of pepsin, the third the effect of 
trypsin, and the fourth the effect of papain. Without incubation it 
is evident that on Turkey the least effects were produced by pepsin, 





2 Made by the National Manufacturing Company, Lincoln, Nebraska. 
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Fig. 1. Effects of the pepsin, trypsin, papain proteases, and extract of 
wheat germ on curve characteristics. 
No Incubation Period 
Turkey (1) Check (2) Pepsin (3) Trypsin (4) Papain 
Incubated 10 Minutes 
(5) Pepsin (6) Trypsin (7) Papain 
No Incubation Period 
Chiefkan (8) Check (9) Pepsin (10) Trypsin (11) Papain 
Incubated 10 Minutes 
(12) Pepsin (13) Trypsin (14) Papain 
Wheat Germ +10 Min. Incubation Period 
Turkey (15) 5 ce. (16) 10 cc. (17) 15 ce. (18) 20 cc. 
the most marked by papain, and that trypsin was intermediate. 
On Chiefkan both pepsin and trypsin had greater effect than on 
Turkey, but for papain there was little difference in the effects on the 
two wheats. 
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Effects of Incubation with the Proteases 


The fact that there was a noticeable effect from the enzyme while 
the dough was being mixed for the curve, indicated that the time for 
incubation need not be as long as for autolysis alone. Several trials 
showed that ten minutes of incubation gave the best results. The 
curves from the incubated doughs are shown in the second row of 
curves for Turkey and for Chiefkan in the fourth row in Figure 1. 
With the incubation it is evident that on Turkey, papain had the 
greatest effect, pepsin the least, and trypsin had more effect than 
pepsin. On Chiefkan, pepsin and trypsin had greater effect than on 
Turkey, while the effect of papain was of the same order. Balls and 
Hale (1936a) found that the addition of 50 mg. of papain or of gluta- 
thione to dough equivalent to a one-pound loaf practically liquefied 
the dough and the loaf did not rise at all. 


Effects of the Water Extract of Wheat Germ 


Commercial wheat germ was sifted to remove most of the bran 
particles. The germ was then ground in a hammer mill to pass a 
}-mm. sieve. This ground germ was soaked for several hours in water 
in the proportion of one to five. Thus five cc. of extract represented 
one gram of the germ. A clear extract was obtained by first filtering 
through linen cloth and then centrifuging. Portions of this clear but 
colored extract were used together with enough water to make doughs 
from the Turkey flours. After the preliminary mixing the doughs 
were incubated at 30°C. for ten minutes and the curves obtained 
therefrom are shown in the lowest row on Figure 1. It is evident 
that the effects on the curves are similar to those obtained with 
trypsin (6) when digesting for ten minutes. It thus appears that the 
effects are due to the proteases extracted from the germ or may be 
due to glutathione which is present in the germ. Sullivan, Howe, 
and Schmalz (1936) obtained marked modifications in the farinograms 
both from the water extract of wheat germ and from the extracted 
glutathione. 


Effect of Cysteine Monohydrochloride 


Balls and Hale (1936b) measured the rate of softening of flour 
paste by noting the time required for BB shot to sink below the 
surface. A paste of whole-wheat flour made with equal parts of 
flour and water saturated with CO, and incubated at 30°C. for 30 
minutes presented a surface through which the shot took six minutes 
to sink. After the same flour had been bleached with chlorine, the 
time was increased to five hours. The addition of one mg. of cysteine 
per gram of dry flour reduced the time for the untreated flour to 20 
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seconds and to 80 seconds for the chlorine bleached flour. The 
authors state: “‘It is not a foregone conclusion that the liquefaction 
of the paste is due to a proteolytic ferment.”” They found also that 
kneading 40 g. of wet gluten with 100 mg. cysteine and incubating at 
45°C. for 30 minutes liquefied the gluten to a milky white fluid that 
could be diluted with water. Thus the presence of the cysteine 
induces the peptization of the gluten and this in turn should increase 
the mobility of a dough as shown by the recording dough mixer curves. 

The trial curves made with cysteine present showed that the rate 
of action was much more rapid and the amounts needed were much 
less than with papain. The effects on the curves when various amounts 
of cysteine were present in the dough are shown in the upper three 
rows of Figure 2. These curves were obtained respectively from 
Turkey, Tenmarq, and Chiefkan with 0, 3, 6, and 12 mg. of cysteine 
present and no intervening incubation period. It is evident that the 
mobility increases with the amounts of cysteine and that even 3 mg. 
produce very marked changes during the time that the dough is being 
mixed. It seems that part of the effect is immediate since the upslope 
of the curve is notably steeper than in the control curves. 

Since 3 mg. of cysteine produced marked effects during the mixing, 
this amount was used with short incubation periods. It was found 
that a 10-minute period such as was used with the proteases reduced 
the dough to a sticky paste, too fluid to handle in the mixing bowl. 
Several trials showed that the mixing period and the rest period 
combined should not be more than 2 minutes. Turkey was mixed 
’ minute, Tenmarq 1 minute, the Chiefkan } minute, and the rest 
periods were such as to make the total 2 minutes. The curves obtained 
on the three flours are given in the fourth row of Figure 2. The 
effects were almost the same on each of the three flours and were like 
that obtained with 12 mg. of papain after 10 minutes incubation 
(Curves 7 and 14, Figure 1). 

Three curves from Turkey, Tenmarq, and Chiefkan are presented 
in the last row of Figure 2 to compare the effects of incubating the 
plain flour and water dough at 30°C. for several hours with the effects 
of cysteine acting for two minutes before beginning to run the curve. 
The Turkey and Chiefkan curves show about as great an effect from 
autolysis alone, as when cysteine was present, and the Tenmarg curve 
almost as much effect, but the effects from autolysis took several 
hours while only two minutes were required to produce the effects 
when cysteine was present. 

Thus the same effects on the curves were produced by proteases, 
by cysteine, by autolysis, or by simply incubating the water and flour 
doughs for several hours. The main difference was in the time 
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Fig. 2. Effects of cysteine. 
No Incubation or Rest Period 
Milligrams cysteine 
0 3 12 
Turkey (1) (2) (3) (4) 
Tenmarq (5) (6) (7) (8) 
Chiefkan (9) (10) (11) (12) 
Short Rest Period (3 mg. cysteine) 
(13) Turkey (14) Tenmarq (15) Chiefkan 


Several Hours’ Autolysis 
(16) Turkey (17) Tenmarq (18) Chiefkan 


required. Cysteine produces the effect in the shortest time and with 
the least quantity. Papain requires five times as long as cysteine 
and autolysis alone requires from six to twelve times as long as papain. 
Balls and Hale (1936b) present the statement that the effect of cysteine 
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on gluten is not the activation of an enzyme but an action on a protein. 
The extreme speed of the reaction would favor this view. On the 
other hand, J¢rgensen (1936) presented evidence to show that wheat 
flour contains powerful but inactive proteolytic enzymes. ‘‘ Usually 
these enzymes are latent, but an activator such as glutathione which 
in itself does not possess proteolytic activity is able to stimulate the 
proteinases of wheat flour.”” Read and Haas (1937a) state that 
excessive dosages of a ‘“‘proteinase’’ or some “‘proteinase’’ activator 
such as glutathione or cysteine hydrochloride will ruin the baking 
properties of any gluten. ‘‘A stiff dough may readily be reduced to 
the consistency of a thick soup.”’ 

Glutathione, according to Hopkins (1929), is a_ tripeptide, 
Cio0HizN3SO¢, containing glycine, glutamic acid, and cysteine, thus 
indicating the possibilities of similarities in reaction between gluta- 
thione and the cysteine monohydrochloride. It is not illogical to 
suppose that cysteine may activate both the protein and the proteases. 
This double activation would, in part at least, help to account for the 
speed of the action of cysteine. 


ae sé 


Effect of KBrO; on Pepsin and Papain 


Potassium bromate is considered a protease inhibitor. The use of 
KBrO; in connection with the wheat-meal-time-fermentation test 
greatly increased the time from the moment the doughball was put 
into the water until disintegration could be observed at the dough- 
water interface (Swanson, 1940a). Flohil (1936) reports that 15 mg. 
of KBrO; neutralized the effects of 15 mg. of papain and that 30 mg. 
inhibited the effect of malted wheat flour extracts. Read and Haas 
(1937b) present data which fail to support the opinion “that the 
benefits commonly derived from the use of bromate in flour doughs 
result directly from its inhibitive action on the ‘proteinase’ contained 
in the flour.”” They found that bromate did not adversely affect the 
proteolytic power of malt, pepsin, trypsin, or taka-diastase when these 
products were allowed to act on gelatin. These authors have made 
further studies (Read and Haas, 1939) on the activation and inhibition 
of flour ‘‘ proteinase.”” They report that KBrO; had a marked inhibi- 
tion on papain but not on trypsin as measured by the liquefaction 
of gelatin. 

The effect of KBrO; was obtained by adding 12, 24, 36, and 72 mg. 
portions in combination with either pepsin or papain each used in 
12-mg. amounts, and the curves are given in Figure 3. The first row 
of curves shows the effect of the various amounts of KBrO; with 
pepsin, using no rest or incubation period. These curves are similar 
to curve (2) in the first row of Figure 1, where pepsin alone was used. 











PHYSICAL PROPERTIES 





OF DOUGH Vol. 17 




















































































































































































































































































































a a Mig owes an ee Zl 
ae sae. =F. ee 
fdneeee wee : + 
a eeceees jeeee—s eee 

- EE = = = —f— 7 

a 2 2 : SS 
as = s8 aa === A 
= : f yy! fff = 
ieee eas a= 
i Gened! cecet eceae' cease 
Seecteceaa ica 
— = TTF! Ff : 

== = i 
FNS ENS 
I == 
‘ = ; =: 2=====: : _ . 
‘ =# 2 - = = ; = — a a = == = —— 
SS eae aS 
A See ee SE 
Fig. 3. Effects of KBrO; on pepsin and papain. 


No incubation 
10 min. incubation 


No incubation 
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Amounts of KBrO; 





12 mg. 24 mg. 36 mg. 72 mg. 
Turkey + 12 mg. Pepsin 
(1) (2) (3) (4) 
(5) (6) (7) (8) 
Chiefkan + 12 mg. Pepsin 
(9) (10) (11) (12) 
(13) (14) (15) (16) 
Turkey + 12 mg. Papain 
(17) (18) (19) (20) 
(21) (22) (23) (24) 
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Any deviation is evidently due to the salt effects of KBrO;. The 
second row shows the additional effect of the 10-minute incubation 
period. The upslope of these curves is greater than those in the 
second row of Figure 1, showing that the presence of KBrO; had 
some effect on the curve characteristics. This difference is mostly in 
the first part of the curves which may be due to salt effects as shown 
in the preceding paper (Swanson, 1940b). The last part of these 
curves shows as much mobility as the curves in Figure 1 obtained in 
the absence of bromate. There were clearly no inhibiting effects on 
the increase of mobility in the last part of the curve. 

The curves in the third and fourth rows of Figure 3 were made 
with Chiefkan flour under the same conditions as those of Turkey 
shown in the first and second rows. The effects of the pepsin and the 
KBrO; on Chiefkan are no different from the effects on Turkey 
except in so far as the Chiefkan curves are different from the Turkey 
curves without any additions. 

The curves in the fifth and sixth rows were made from Turkey, 
but using papain instead of pepsin. The greatest effect in increased 
mobility was obtained with the smaller amounts of KBrO;. When 
36 and 72 mg. of KBrO; were used with no incubation period, there 
was a slower rate in the decrease of mobility, and with the incubation 
period there was considerable resistance shown on the upslope of the 
curve. The down slope, however, shows great increase in mobility; 
hence it is doubtful whether the KBrQ; by itself exercised any effects 
on the proteases used. 

Bleaching with chlorine was tried as an inhibitor to the action of 
papain and cysteine on the curve characteristics. Doughs were made 
with Turkey flour bleached both at the rate of ? and 14 ounces of 
chlorine per barrel and using 3 mg. of cysteine and 12 mg. of papain 
with subsequent treatment as in the preceding curves. No pronounced 
differences could be observed in the characteristics of the curves 
made from the bleached flours as compared with those made from 
the unbleached flours. This is contrary to the findings of Balls and 
Hale (1936b), who reported that the time of sinking of BB shot into 
the dough was greatly increased as a result of bleaching with chlorine. 


Effects of Diastase and Taka-diastase 


The diastases should influence the curve characteristics by their 
effects on the starch, which is present in the dough in six or seven 
times the amount of protein or gluten. This should be especially 
true of taka-diastase because of the alleged presence of the starch 
liquefying alpha-amylase. After several trials it was found that 
amounts larger than 12 mg. per 35 grams flour served no useful 
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purpose. The enzymes were added in water solution in order to be 
thoroughly incorporated with the dough. The curves obtained using 
the two diastases and the three flours are shown in Figure 4. The 
first curves in each row are the checks or those completed without 
any rest or incubation period. The middle curves in each row are 
those made after one hour’s rest or incubation, and should show any 
enzyme effects exerted during the hour. The last curves in each row 
show the effect of one hour’s incubation without the enzyme. 

The first curves in each row are similar to those obtained with 
only flour and water. A comparison of the middle curves with the 
last curves in each row shows that autolysis in the absence of the 
diastases produced as great an effect as when the diastases were 
present. Further, the curves obtained with taka-diastase are but 
very little different from those produced with the diastase. Swanson 
(1940a) found that the diastases had no influence on the results of the 
wheat-meal-time-fermentation test while the proteases and protease 
activators, as well as the protease inhibitors, had a marked influence 
(Swanson and Dines, 1939). Read and Haas (1936), however, found 
that taka-diastase exhibited marked proteolytic activity. No evidence 
of this was found in these curves when taka-diastase was present. 


Discussion 


The effects of the proteases, pepsin, trypsin, and papain on curve 
characteristics have been presented in this study. The extract of 
commercial wheat germ was used for comparison. Cysteine mono- 
hydrochloride was used as a protease activator and KBrQ; as a protease 
inhibitor. Diastase and taka-diastase were used to determine whether 
their action on starch had any influence on curve characteristics. 

The proteases produced marked changes in the curves. These 
changes were similar to those produced by autolysis or incubating the 
flour and water dough one hour or more. The main difference was 
in time. The proteases produced in a 10-minute incubation period 
as much effect as one to several hours of incubation without the 
protease. Papain produced the greatest effect, pepsin the least, and 
trypsin produced an intermediate effect. 

Two minutes of contact with cysteine, including both the mixing 
and resting time, produced as great a change as ten minutes with the 
proteases or several hours’ incubation of the plain water-and-flour 
dough. From the previously quoted statements of Balls and Hale 
(1936b) as well as these results it would appear that cysteine activates 
both the protein and the proteases. Without such a supposition it 
is difficult to account for the rapid action of the cysteine. 

As a representative protease inhibitor, KBrO; was used in 12, 24, 
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Fig. 4. Effects of diastase and taka-diastase. 
12 mg., no 12 mg., 1 hr. No mg., 1 hr. 
incubation incubation incubation 
Diastase 
Turkey (1) (2) (3) 
Tenmarq (4) (5) (6) 
Chiefkan (7) (8) (9) 
Taka-diastase 
Turkey (10) (11) (12) 
Tenmarq (13) (14) (15) 


Chiefkan (16) (17) (18) 
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36, and 72 mg. amounts for each dough made with 35 g. of flour. 
From the characteristics of the curves it could not be shown that the 
KBrO; had any inhibiting effect. Salts have by themselves a stiffening 
effect on the gluten, and hence it is not possible to determine definitely 
whether the decrease in mobility was due to the inhibiting action of 
the KBrO; on the proteases or whether it was due to a sait effect. 
The presence of diastase and taka-diastase produced no results 
essentially different from autolysis without these enzymes. Hence, 
their effects on starch were not noticeable in the curve characteristics. 


Conclusion 


The effects on curve characteristics of incubating flour-and-water 
doughs are very similar to the effects produced by proteases and the 
protease activator, cysteine, except as regards the time necessary for 
effects to become evident. From this it may be inferred that the 
influence of autolysis on curves can be attributed to proteases or 
protease activators. 
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A METHOD FOR THE FORMULIZATION OF 
FARINOGRAPH CURVES 


RoBERT S. BAILEY 


National Milling Company, Toledo, Ohio 


(Received for publication March 7, 1940) 


Considerable controversy has existed as to the best method for 
recording and interpreting curves produced by the Brabender farino- 
graph and several different techniques have been suggested for the 
characterization of these data. However, in the course of a summer’s 
work at the National Milling Company, Toledo, Ohio, during which 
farinograph curves were made for all incoming lots of grain, it was 
decided that the existing methods for the interpretation of these curves 
do not provide an adequate means for the expression of curve char- 
acteristics. The usual procedure is to consider only the time during 
which the upper line of the graph stays above a certain ordinate. This 
is very arbitrary and empirical and it yields only one item of data from 
the curve, whereas the curve may be capable of expressing much more. 
Furthermore, in accordance with the usual type of procedure, a true 
and complete picture of the curve would require many measurements. 

This situation led to the thought that if the farinograph curve could 
be represented by a formula in which the consistency in Brabender 
units, as well as the mixing time, were given explicitly as functions 
of certain arbitrary constants, then all of the information contained 
in the curve would be available in compact mathematical form. This 
formula must, of course, be such a combination of consistency, time, 
and arbitrary constants that every farinograph curve could be re- 
produced by adjustments of the constants only. 

With such a formula it is a simple mathematical manipulation to 
obtain from it any feature which the original curve contained, and the 
formula serves as a simple, compact evaluation of the original curve 
obtained from the farinograph. Also it is at least possible that correla- 
tions may be found between the constants of the formula and certain 
flour properties such as baking characteristics, protein, or other 
quality factors. With these aims in mind a method is herein proposed. 


The Method 


In obtaining a formula which is to fit the original farinograph 
curve, the formula must be such that when, using farinograph paper, 
values of time on the one hand are plotted against values for consistency 
on the other, a close approximation of the original curve will be 
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Accordingly, by intuition and trial, the writer obtained the follow- 
ing formula which fits any farinograph curve, by adjustment of the 
arbitrary constants A, n, and ¢ only: 


K = Ai*e-* 


in which: ¢ is the time in minutes, 
K is the consistency in Brabender units, 
e is the base of Napierian logarithms, 
A, n, and ¢ are the arbitrary constants adjusted to fit the 
curve in question. 





It was found by numerous trials that this formula will accurately 
represent any farinograph curve from zero time up to a point consider- 
ably beyond gluten breakdown. Since the Brabender farinograph 
curves give no information at points far beyond the breaking point of 
the gluten, the formula fulfills its mission in representing the curve 
over its entire useful range. 

Let us consider the theoretical aspects of the problem of fitting this 
formula to any given curve. Since there are three unknowns in the 
equation to be evaluated, namely the three arbitrary constants A, n, 
and ¢, it will be necessary to take three items of data from the original 
curve to solve for these unknowns. Thus, if we select three points on 
the curve in the region of interest, and substitute the coordinates of 
each of these in turn into the aforementioned equation, we will obtain 
three equations in which the only unknowns are the three arbitrary 
constants A, m,andc. It is well known that three independent equa- 
tions of linear form with three unknowns may be solved to obtain the 
three unknowns by the simultaneous theory. However, by inspection 
it appears that the three equations are not linear since they contain an 
exponential ; hence we take logarithms to the natural base of both sides 
of each of them, and obtain equations which are now linear in loga- 
rithms. The aforementioned equation appears as follows after 
logarithms to the natural base have been taken of both its sides: 


Log K = log A + n logt — ct 


in which all symbols are as before. 
Solving the three linear equations simultaneously and obtaining the 
three constants A, m, and c in their numerical form for the particular 
curve, we can then substitute them in the original general equation, 
and the formula of the special curve in question has been obtained. 
In passing it may be mentioned that the three points from which 
data are taken may be somewhere near the top of the curve, in the 
region in which baking is likely to be done, since the formula auto- 
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matically reduces the consistency to zero at zero time and thus actually 
supplies another point on the curve in addition to the three chosen by 
the operator. The writer has arbitrarily selected the point of maxi- 
mum consistency, the point at which the time is half that observed at 
the maximum consistency, and the point three-quarters of the distance 
between the time observed at maximum consistency and that observed 
at the point where the top of the curve crosses the line about which the 
curve has been centered (‘‘600” line) All of these points are taken 
on the top of the curve for uniformity although they might just as well 
be taken in the middle or at the bottom of the curve. These locations 
are purely arbitrary and are used to provide uniformity of procedure 
in order that the results of many trials may be reasonably compared. 
It is possible that further systematic investigations of this process may 
modify these methods. 

The following example will illustrate the procedure which has been 
outlined. Figure 1 shows a typical farinograph curve selected at 
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Fig. 1. Formulization of a typical farinogram. 


random. It typifies the curve of a bakery flour made by the National 
Milling Company. Three points are selected, using the procedure 
above outlined, as indicated by the cross marks on the top of the curve. 
The coordinates of these points are marked at each point. Substituting 












704 FORMULIZATION OF FARINOGRAPH CURVES Vol. 17 


these points in the general equation we have as follows, three equations: 
570 = A(3.5)*e—3-© 
680 = A(7.0)"e"?-” 
620 = A(10.0)"e7!9-, 
Taking the logarithms to the natural, or Napierian base, of both 
sides of these equations we have: 
Log 570 = log A +nlog 3.55 — 3.5c 
Log 680 = log A +mlog 7.0— 7.0c 
Log 620 = log A + n log 10.0 — 10.0c. 
Looking up these logarithms in tables and substituting their 
numerical values, we have: 
6.345 = log A + 1.253n — 3.5¢ 
6.522 = log A + 1.946n — 7.0c 
6.430 = log A + 2.303n — 10.0c. 


Solving these equations simultaneously we have: 


Log A = 5.610 or A = 272.0 (obtained by looking up the number 
n = 1.02 whose log is 5.610) 
c= .153 


Having solved these equations for their unknowns we can now place 
the unknowns in the original equation and we have: 


K = 272(t)!-® e~-153¢, 


which is the formula for the farinograph curve just considered. 

In order to determine how closely this equation fits the actual 
curve we can make a table of the time and consistency at several 
different intervals as observed from the original curve, and compare 
these consistencies thus observed with the values obtained by sub- 
stituting these same times or intervals in the above formula. If the 
agreement between these values is close, we can assume that the 
method has proved satisfactory in this case. The results are given in 
Table I. 

From this table it may be seen that the calculated results were, in 
all cases, within twenty Brabender Consistency Units of the observed 
values, indicating an accuracy of about 5%, which is closer than the 
curve can be read for most purposes. Furthermore the formula is seen 
to be accurate beyond the last point for which it was calculated, namely 
t equals ten. 
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TABLE I 


OBSERVED AND CALCULATED CONSISTENCIES 

















Time Consistency Consistency 
(min.) (observed) (calculated) 
0 0 0 
2 430 410 
4 590 592 
6 670 654 
8 670 663 
10 620 620 
12 580 563 





The results obtained here are typical of the results obtained in all 
cases in which the formula has been applied, showing its reliability. 

Assuming accuracy and reliability of the formula, the question as 
to its value and application may be considered. 

In this connection two selected lots of flour were mixed in different 
graduated proportions as indicated in Table II. The farinograph 
curve for each mixture was obtained and the formulization of each 
curve was accomplished. The results are given in Table II. 

In Table II the whole formula has not been given but only the 
necessary constants are tabulated. 

From an inspection of the results it appears that there is a definite 
correlation between the mixtures and the arbitrary constants. The 
figures all proceed one way with few exceptions, and these exceptions 
may be explained perhaps by the fact that the data are so arbitrarily 
taken. It has been found that a flour which retains its strength for a 
long period has low values of its constants and that a high A constant 
is indicative of a rapid rise of consistency. 

The writer can only suggest that correlations may exist between 
these arbitrary constants and baking or chemical characteristics of the 
flour. 


Precision of Method 
From long experience it has been found that the precision is always 
within 5%, which is possibly greater than the reproducibility of the 
farinograph curves themselves. This corresponds to an accuracy of 
about 20 Brabender Consistency Units, or one of the smallest squares 
on the standard farinograph paper. 


Summary and Conclusions 


It has been found possible to represent the outlines of farinograph 
curves accurately by means of a mathematical formula in which there 
are three arbitrary constants which by adjustment will allow the 
formula to be fitted with high precision to any farinograph curve. 
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TABLE II 


CALCULATED CURVE CONSTANTS 








Flour Lot No. 1 


Flour A Flour B 


c oF 





0.0396 

0.0468 

0.0765 

0.0653 

0.0915 

0.0549 
60 0.0936 
70 0.201 
80 0.258 
90 0.382 
100 0.615 

Flour Lot No. 2 


Flour C Flour D 


or or 
c Cc 


100 0 605 0.145 0.027 
90 10 570 0.307 0.0595 
80 20 554 0.465 0.0953 
70 30 567 0.370 0.0845 
60 40 556 0.505 0.1080 
50 50 604 0.540 0.1560 
40 60 628 0.781 0.261 
30 70 742 0.842 0.250 
20 80 824 1.08 0.471 
10 90 896 0.760 0.402 

0 100 940 1.42 0.633 





The constants obtained from systematic investigations show variations 
proportional to the variations of the curves themselves, and probably 
indicate different characteristics of the flourand wheat. It is suggested 
that this new method of evaluating the farinograph curves offers a 
reliable means for characterization, while at the same time incorporat- 
ing all useful data obtainable from the curves. 

It is suggested that the use of this formula for predicting the con- 
sistency for any given mixing time would permit the construction of 
tables by which the miller and baker would have a practical working 
guide as to the proper mixing time, and would provide as suitable 
criteria of baking properties as would the curve itself. 

It is anticipated that the cereal chemists will find sufficient interest 
in this method to correlate the arbitrary constants with characteristics 
of the flour, wheat, or the finished product in order to make the formula 
useful in predicting as well as in shortening the notation of farinograph 


curves. 





AN APPARENT RELATIONSHIP BETWEEN PROTEIN 
CONTENT AND RATE OF PROOF’ 


C. W. OFrett and R. M. SANDSTEDT 


University of Nebraska, Lincoln, Nebraska 


(Read at the Annual Meeting, May 1940) 


There is little doubt that the two main factors involved in the pro- 
duction of bread from flour are (1) enough sugar to produce sufficient 
gas throughout the entire dough-fermentation period and (2) the 
ability of the flour dough to retain the gas produced. 


It is also true that gas production during the latter stages of fermen- 
tation is dependent principally upon the fermentation of maltose pro- 
duced by diastatic action. Sandstedt and Blish (1934) determined the 
presence of some substance or substances in flour which have a stimulat- 
ing effect upon the fermentation of maltose and which they designated 
as “activators.” Blish and Sandstedt (1937) made a study of the 
properties of this “ activator’ and determined that it occurs in varying 
amounts in different flours. They found that malted wheat flours con- 
tained significantly higher quantities of this material than did normal 
flours. They were unable to identify this “activator” but tentatively 
designated it as “ factor M.” Sandstedt and Blish (1938) devised a 
means for estimating the “activator content” of flours by the mano- 
metric fermentation technique. A series of 33 flours was observed in 
baking in an attempt to correlate “activator content” with the time 
required to proof to a standard height under conditions affording ade- 
quate sugar levels in all doughs. Considerable differences in the rate of 
proof were found, even though the sugar levels were adequate. The 
conclusion from these results was that in experimental baking investi- 
gations proofing should be to a definite height rather than for a constant 
period of time. 

The object of the present paper is to present further evidence (ob- 
tained during a study of a number of wheat varieties) which supports 
the above conclusion. 


Methods and Materials 
The varietal series of flours used in this investigation were obtained 
through the courtesy of E. G. Bayfield and the Department of Milling 
Industry at Kansas State College. They were grown and composited in 
a manner identical with the series used by Larmour, Working, and Ofelt 
(1939) in their study of hard winter wheat quality. 


1 Journal Series No. 266, Nebraska Agricultural Experiment Station. Printed with the approval 
of the Director. 
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The samples of irrigated Cheyenne and Supreme were obtained from 
W. O. Whitcomb of the Montana Agricultural Experiment Station. 
Those of Dawson and Trumbull were obtained from the Federal Soft 
Wheat Laboratory at Wooster, Ohio. Those of Turkey and Kawvalc- 
Tenmarq were grown in test plots at the Nebraska Agricultural Experi- 
mental Station. 

The baking formula No. 1 used when proof height was determine.l 
was the same as that used by Larmour, Working, and Ofelt (1939) and 
the procedure the same with the exception that “ micro” methods were 
used. Doughs were based on 25.0 g. of flour (15% moisture basis) and 
the loaves were baked in pans which were scaled down from the 
“ Markley type” or low form pan. A constant proof time of 55 min 
utes was used. 

The formula used when proof time was determined (No. 2) was 
follows: sugar 6%, salt 1%, yeast 3%, shortening 3%, malt flour 0.5% 
dry milk solids 6%, and potassium bromate 0.004%. The doughs wer 
proofed to a constant height of 6.1 cm. in pans scaled down from tl 
standard high-form “ pup” type pans. 

Hydrolyzed gluten, added in certain experiments, was obtained ' 
hydrolyzing 10 g. of ball-milled dried gluten with 1 g. of papain an 
1 g. of trypsin for a period of two hours at 30° C. and then boili 
for a period of at least twenty minutes to destroy the enzymes. 


Experimental 


The variety-protein series was baked using formula No. 1. T 
height of the loaves was measured at the end of the proof period 
55 minutes, at which time the loaves went to the oven. These data ar 
given in Table I. The same series was then baked using formula No. - 
and the loaves were proofed to a standard height of 6.1 cm. The time 
required to reach this definite height is also recorded in Table I. These 
data show that when proofing to time there is a definite increase in 
proof height at increasingly higher protein levels. When proofing to 
height, the decrease in proof time with increasing protein content is 
even more striking. 

It becomes obvious after an examination of the data in Table I that 
either the gas retention or the rate of gas production during the proofing 
period is greater for the high-protein flours than for the lower-protein 
flours. 

The gas-retaining properties of doughs are difficult to determine. 
Gas production is determined easily and conveniently. Accordingly the 
latter factor was chosen for study. “ Activator content,” or third-hour 
gas production with the flour as the only variable, was determined by 
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TABLE I 


RELATION BETWEEN PrRooF HEIGHT AND PROTEIN CONTENT WHEN PROOFING TO 
TIME AND THE RELATION BETWEEN PROOF TIME AND PROTEIN CONTENT 
WHEN PROOFING TO A DEFINITE HEIGHT 




















Proof Proof 
Per cent height Proof time Percent height Proof time 
.. protein (55 min.) (to 6.1 cm.) protein (55 min.) (to 6.1 cm.) 
BLACKHULL CHIEFKAN 
10.0 4.8 47 10.5 4.9 51 
11.0 4.8 43 11.1 4.9 51 
12.5 5.1 38 12.6 5.1 48 
14.3 5.1 35 14.0 5.4 40 
15.5 5.3 33 15.1 5.4 39 
16.5 5.3 33 16.1 5.5 39 
TENMARQ TURKEY 
9.8 4.8 47 8.7 4.7 47 
10.9 4.8 47 9.4 4.7 46 
11.1 4.8 45 10.7 4.9 45 
f 12.3 5.1 43 12.6 5.2 41 
13.7 5.4 35 13.7 5.4 37 
15.4 5.5 33 15.3 5.4 34 
' 16.9 5.5 29 16.1 3:5 31 





Sandstedt-Blish (1938) method on all samples of each of the variety- 
stein series. The results on four of the varieties are graphically 
resented in Figure 1. These results show clearly that there is a 
inite and nearly linear increase in rate of gas production during the 
tical proofing period with increase in protein content. The writers 
eiieve that the data in Figure 1 are sufficient evidence to indicate that 
» only present means of eliminating the variable of gas-production 
‘ace during the critical proofing period is to proof to a constant height. 
Schultz, Atkin, and Frey (1939) have indicated that differences in 
the third-hour fermentation rate between various flours may be due to 
differences in their amino-nitrogen content. They determined the effect 
of 22 amino acids on the third-hour fermentation rate of a patent flour 
using a yeast-flour-water-maltose mixture. The greatest increase in 
third-hour gassing rate was produced by the addition of /-asparagine. 
It was found in the course of the present investigation that the maxi- 
mum effect could be obtained with 25 mg. of asparagine per 10 g. of 
flour. An attempt was made to bring three flours to a common level 
of third-hour gas production by the addition of asparagine. The re- 
sults are given in Table II. It is evident that the addition of asparagine 
did not bring all flours to a common level of third-hour gas production. 
Addition of ball-milled gluten had no effect upon the rate of gas 
production but the addition of the same amount of this gluten after 
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Fig. 1. The relationship between protein content and rate of third-hour gas production. 


hydrolysis with papain and trypsin had a very definite effect on the rate 
of gas production. It was determined that the maximum effect could 
be obtained by the addition of 300 mg. of the hydrolyzed gluten as 
shown in Table III. The data in Table IV show that flours obtained 
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from different varieties of wheat and of widely differing protein con- 
tents can be brought to a nearly uniform level of gas production during 
the critical third hour of fermentation or the proofing period. 
Several flours were baked with and without the addition of hydrolyzed 
gluten in an effort to determine the practicability of the procedure in 


TABLE II 


EFFECT OF ADDITION OF /-ASPARAGINE ON THIRD-Hour Gas PRODUCTION 


Third-hour gas 
Asparagine production 
Flour added (mg.) (mm. Hg) 


"Nebr. No. 0 157 
No. 25 185 


No. 0 143 
No. 25 193 


No. 21 153 
No. 21 : 176 


TABLE III 


EFFECTS OF VARYING AMOUNTS OF HypDROLYZED GLUTEN 
ON TuirRpd-Hour GAs PRODUCTION 


Hydrolyzed gluten Third-hour gas 
Flour added (mg.) production (mm. Hg) 


’, Composite 174 
’, Composite : 203 
’, Composite 223 
/, Composite 228 
’, Composite ; 231 
’, Composite 233 
’, Composite 233 


No. 20 140 
Yo. 20 178 
No. 20 204 
No. 20 207 
No. 20 ; 212 
Yo. 20 209 


DNMMNNMD| 


establishing a common proof time for all flours, but the hydrolyzed 
gluten had too great an effect upon the dough properties to allow for 
its practical application. 

Since ammonium salts are also known to affect the rate of fermen- 
tation, monoammonium phosphate and ammonium chloride were added 
to flours of widely differing type and “ activator content.” Data given 
in Table V show the effects of the monoammonium phosphate on the 
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TABLE IV 


Errect oF HyDROLYZED GLUTEN ON TuHIRD-HourR GAs PRODUCTION WHEN ADDED 
TO FLOURS WHICH ORIGINALLY HAVE A WIDE RANGE IN RATE oF GAS PRODUCTION 








Third-hour gas 
production 
Third-hour gas (mm. Hg) 
Percent production with hydrolyzed 
Variety protein (mm. Hg) gluten added 





Blackhull 14.3 161 208 
Blackhull 15.5 167 214 
Blackhull 16.5 175 211 
Early Blackhull 15.6 167 213 
Chiefkan 14.0 163 211 
Chiefkan 15.1 166 208 
Chiefkan 16.1 178 216 
Cheyenne 10.1 133 209 
Cheyenne 13.7 167 208 
Kanred 13.9 166 211 
Kanred 16.4 173 208 
lobred 13.7 144 200 
Tenmarg 12.3 140 196 
Tenmarq 15.4 173 204 
Turkey 10.7 142 201 
Turkey 16.1 171 208 





TABLE V 


Errect oF 0.5% NH,«H2PO, on Turrp-Hour Gas PRopuUCTION AND PROOF 
TIME WHEN ADDED TO FLOURS WHICH DIFFER WIDELY IN TYPE 
AND PROTEIN CONTENT 





Third-hour 
Normal gas 
third-hour production 
Percent gas (mm. Hg) Normal Proof time 
protein production with0.5% proof with0.5% 
Flour (15% m.b.) (mm. Hg) NH«H2PO, time NH«H2PO, 


111 196 45 
199 36 
186 41 
193 41 
192 31 
194 30 
189 K 32 
195 43 
197 SS 43 





Irrigated Cheyenne 
Irrigated Cheyenne 
Irrigated Supreme 
Irrigated Supreme 
Kawvale X Tenmarq 
S. D. Turkey 

Nebr. Turkey 
Dawson 


Trumbull 


oo 


ONE PWOKO™ 
© 0 ~1 00 we Co 





rate of gas production during the third hour and also the effect on 
proof time when these same flours were baked and proofed to a definite 
height. The data show that, even with flours differing as widely as 
these in type and protein content, third-hour gas production can be 
brought surprisingly near to a uniform rate. It is very evident that it 
is not possible to bring these flours to a uniform proofing time, although 
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the spread of proof times was reduced by one-half. Undoubtedly this 
was because of extreme differences in gas-retention properties of doughs 
from these flours. The possibility still remains that the differences in 
gas-retention properties among normal hard wheat flours may not be 
too great to allow all to be brought to a uniform proofing time by the 
addition of these ammonium salts. 


Summary and Conclusions 


A number of flours were baked by two methods and it was estab- 
lished that with increasingly higher protein levels (1) proof height in- 
creased when proofing to time and (2) proof time decreased when 
proofing to height. 

The rate of gas production during the third hour was determined on 
the same samples and was found to increase in almost linear relationship 
with increasing protein content. Proofing to a definite height is the 
only present means of decreasing if not eliminating the effects of this 
variable. 

It was established that flours could not be brought to a common level 
of third-hour gas production by the addition of /-asparagine. 

Hydrolyzed gluten was added to a number of samples of widely 
differing protein and “ activator’ contents and it was shown that this 
brought all flours to a nearly uniform rate of third-hour gas production. 


This procedure was, however, found to be impracticable in baking. 

Ammonium salts were added to a number of flours and the third- 
hour gas production rate made nearly uniform. Proof time for these 
flours was not brought to a common level by this procedure although the 
range of proof times was reduced by one-half. 
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A VARIETAL STUDY OF THE RELATION BETWEEN 
PROTEIN QUALITY AND PROTEIN CONTENT '* 


R. M. SAnpstept and C. W. OFELt 


University of Nebraska, Lincoln, Nebraska 
(Read at the Annual Meeting, May 1940) 


Comparison of baking qualities of flours of widely varying protein 
content has always been exceedingly difficult. The chemist, however, 
is frequently required to make such comparisons. The agronomist 
wishes to know the relative baking qualities of wheats grown under 
widely differing conditions, the effects of soil and climate upon protein 
quality as well as quantity, and whether the quality of a given variety 
is constant regardless of the protein quantity. The miller wants to 
know the relative blending values of wheats of differing protein content. 
Larmour, Working, and Ofelt (1939) propose as a measure of quality 
the divergence from expectation based on protein content; 7.e., the 
quality is judged by comparing the loaf volume obtained from the flour 
in question with a standard regression curve obtained from protein- 
volume values. This should give the relative quality of flours at any 
particular protein level; however, the difficulty of comparing the qualities 
of flours at differing protein levels still remains. 

Sandstedt, Jolitz, and Blish (1939) have shown that the gluten and 
starch which have been separated by washing gluten can be recombined 
to form a reconstituted dough which has baking properties similar to 
dough made from the original flour. It would then seem reasonable to 
suppose that wheat starch could be added to a high-protein flour to 
produce a flour of any lower protein content which may be desired or 
conversely that gluten washed from a low-protein flour could be added 
to the original flour to produce a flour with any desired higher protein 
content. This might afford a method of comparing the baking qualities 
directly on a basis of a constant protein level. Such a method might 
also prove to be a means for determining blending quality. 

If one accepts the suggestion that protein content and strength are 
synonymous (Blish and Sandstedt, 1935; Larmour, Working, and Ofelt, 
1939) and that the deviation from the expected potentiality is a measure 
of quality, it would seem imperative that the maximum loaf volume be 
obtained in baking. Aitken and Geddes (1934) and Larmour, Work- 
ing, and Ofelt (1939) have indicated the possibility of obtaining the 
maximum volume from a single bake using a formula which is optimum 
or nearly optimum for all flours. If this is possible it simplifies the 
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work of determining quality even though it does not simplify the deter- 
mination of flour characteristics. The responses, tolerances, and re- 
quirements of a flour must still be determined by the use of supplemen- 
tary procedures. 


Methods 


The formulas proposed as optimum vary considerably and the 
question naturally arises as to their applicability to all flours. Ac- 
cordingly, in studying the possibility of testing all flours on a definite 
protein basis, it was thought best to determine whether the absence or 
inclusion of some of the commonly used supplementary ingredients 
might affect the judgment of relative quality. It was decided to use 
the. A. A. C. C. basic formula with 6% sugar with supplements of 
shortening (3%), malted wheat flour (0.5%), and dry milk solids 
(6%). The milk used was obtained from the same source as that used 
by Larmour, Working, and Ofelt (1939). Each of these formulas was 
further supplemented with 1, 2, and 4 mg.% of potassium bromate. 

The micro baking technique, using 25 g. of flour, described by Van 
Scoyk (1939) was used through this work after Van Scoyk’s claims 
for the method had been verified. All doughs were mixed to the so- 
called “ optimum” in a National micromixer. This point was deter- 
mined by observing the transition of the mixing dough from the char- 
acteristic rough appearance of the undermixed dough to the velvety 
smoothness of a well developed dough. The doughs were molded by 
passing through the National dough sheeter set at 5/32 inch and rolling 
up as lightly as possible by hand. 

The following four experimentally milled, unbleached samples of 
flour were chosen for this investigation because of their differing yet 
representative characteristics : 


Fulcaster, 9.9% protein. 
Blackhull, 15.8% protein. 
Tenmarq, 14.4% protein. 
Nebred, 16.1% protein. 


Each flour was baked undiluted and after dilution with starch (pre- 
pared by the method described by Sandstedt, Jolitz, and Blish, 1939) 
to a 10% protein level. 


Effect of Formulas on Determination of Quality 


The results obtained on the original undiluted flours are shown in 
Figure 1. It is seen that for the milk-free formulas the maximum 
volume was obtained with 2 mg.% of bromate. The addition of milk 
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Fig. 1. Comparison of loaf volumes obtained by 


to the formulas increased the bromate requirements for the Blackhull 
and Tenmarq samples to 4 mg.% (or more). Shortening and malt 
each increased the volume and when both were used the effect was 
roughly additive. The similarity between curves for the milk-free 
formulas for each variety indicates that the use of shortening and/or 
malt does not materially change the bromate requirements, responses, or 
tolerances. 
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variations in the baking formula on natural flours. 


The results obtained by baking these flours at an artificially pro- 
duced 10% protein level are shown in comparison to the Fulcaster with 
a natural 10% protein in Figure 2. The maximum response in the 
milk-free doughs was obtained with 1 mg.% of bromate; with milk in 
the formula the requirement was increased to 2 mg.% (or more). 

A comparison of the maximum loaf volumes obtained on the four 
flours is shown in Table I. These results show that addition of shorten- 
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Fig. 2. Comparison of loaf volumes obtained by variations in 
(Fulcaster 10% 


ing, malt, and milk to the formula has a similar effect on the maximum 
loaf volume obtained from each of these flours. If the relative value 
of these flours were to be judged from the loaf volume they would be 
placed in the same sequence regardless of whether the formula con- 
tained malt, milk, or shortening; i.e., the original flours produced loaves 
which ranged in volume in the order of increasing protein content and 
the use of supplements did not change this order. This would not nec- 
essarily hold true with any other series of flours, since the stimulation 
obtained by each supplement varies with the flour. 

The results obtained by baking the flours at an artificially produced 
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the baking formula on flours brought to a 10% protein level. 
original protein.) 


10% protein level show that it may be possible to use this method to 
determine quality. The Tenmarq and Blackhull samples gave prac- 
tically identical loaf volumes with the original Fulcaster, which had a 
protein content of 10%, while the Nebred sample gave decidedly higher 
volumes. It would seem from these data that the inclusion of malt, 
milk, and shortening is not essential for the determination of quality. 
We are unable to explain the lack of volume stimulation obtained with 


milk in these bakes, since this definitely does not agree with the results 
obtained by Larmour, Working, and Ofelt (1939, 1940) or Ofelt and 
Larmour (1940). 
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TABLE I 


Loar VoLuMES OBTAINED AT OpTimMuUM BROMATE LEVEL WITH VARIOUS FORMULAS 








Ten- Black- 
Ful- Ten- Black- marq, hull, Nebred, 
caster marq hull Nebred _ diluted diluted diluted 
9.9% 14.4% 15.8% 16.1% to 10% to 10% to10% 





Formula protein protein protein protein protein protein protein 
Basic (B) 135 159 178 198 134 136 153 
B—shortening 153 175 188 209 153 150 167 
B—malt 152 175 188 226 147 148 174 
B—milk 132 156 170 198 127 133 153 
B—malt—short. 169 179 195 215 163 165 178 
B—malt—milk 141 180 175 203 140 139 160 
B—milk—short. 153 171 189 192 143 151 162 
B—malt—milk—short. 164 175 195 213 156 157 173 





Relation of Quality to Protein Level 


The comparative quality of protein at various naturally occurring 
protein levels may only be determined by studying samples of flour 
covering a wide range of protein for each of several pure wheat varie- 
ties. We were fortunate in obtaining such a variety-protein series of 
flours through the courtesy of E. G. Bayfield and the Department of 
Milling Industry of Kansas State College. These samples were baked 
in duplicate by the same micro technique as described above, using the 
A. A. C C. basic formula supplemented with dry milk solids (6%), 
shortening (3%), malted wheat flour (0.5%), and 4 mg.% of potas- 
sium bromate. The loaf volumes obtained are shown graphically in 
Figure 3. Each curve represents a single variety over a range in pro- 
tein content. It is notable that there was an exceedingly wide spread 
in loaf volumes between varieties at any give protein level. The dif- 
ference increased with increasing protein content. This might indicate 
that there are greater differences in protein quality at the higher levels. 

These flours were diluted to a 10% protein level and rebaked. The 
formula used differed from that used on the undiluted flours only in 
that it contained no milk and the bromate was reduced to 1 mg.%. The 
loaf volumes obtained were plotted against the original protein content 
of the samples and are illustrated in Figure 4. There was a marked dif- 
ference between varieties in loaf volumes obtained. The curves for all 
varieties have a strong tendency to be similar in shape, the shape in- 
dicating that the highest-quality protein in any one variety was found 
in flour which had a naturally occurring protein content of 12% to 13%; 
perhaps in this particular series the climatic conditions which produced 
this protein level happen to be the conditions favorable for the produc- 
tion of high baking quality. The protein decreased in quality as the 
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Fig. 3. Loaf volumes obtained on the original variety samples. 
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Fig. 4. Loaf volumes obtained on the variety samples reduced to a 10% protein level. 
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percentage increased above approximately 13%. It should be noted that 
the high-protein Blackhull flour grown at Lincoln, Nebraska, which was 
used in the preliminary survey of methods (Figs. 1 and 2), had high 
protein quality, suggesting that the poor quality indicated in some of the 
samples may be environmental rather than varietal. Further evidence 
of this probable effect of environment is given in Figures 8 and 9 by 
the isolated triangles representing a 15% protein Nebred sample grown 
at Lincoln, Nebraska. It should be noted that these curves indicate 
ratings for the varieties that differ from those indicated by the original 
undiluted flours (Fig. 3). 

Figures 5, 6, 7, 8, 9, and 10 show the external appearance of the 
loaves baked from this variety-protein series of flours. The upper 
loaves represent the original flours; the lower loaves represent in each 


Tenmarq 


11.1 12.3 13.7 15.4 16.9 
Fig. 5. Comparison of loaves baked from the original Tenmarq flours with loaves baked from 


oe same flours diluted to a 10% protein level. The figures indicate original protein content of the 
jour. 


Turkey 


10.7 12.6 13.7 15.3 16.1 


Fig. 6. Comparison of loaves baked from the original Turkey flours with loaves baked from 
the same flours at an artificial 10% protein level. 
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Blackhull 





11.0 12.5 14.3 15.5 16.5 


Fig. 7. Comparison of loaves baked from the original Blackhull flours with loaves baked from 
the same flours at an artificial 10% protein level. 


Nebred 





12.4 13.6 15.4 16.1 


Fig. 8. Comparison as above for Nebred. 


Cheyenne 





10.1 11.1 11.9 13.7 14.8 15.9 





Fig. 9. Comparison as above for Cheyenne. 
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Chiefkan 


12.6 14.0 15.1 
Fig. 10. Comparison as above for Chiefkan. 


case the same flour diluted to a 10% protein level. The figure under 
the loaf indicates the original protein content of the flour. The indica- 
tion of retrogradation of protein quality with increasing protein content 
is evident though the variation between varieties in this respect is very 
marked. Judging from the results obtained on the artificially produced 
10% protein flours, Tenmarq (Fig. 5) seemingly had very high protein 
quality in the intermediate protein range with a rapid decrease with 
increase in protein content. The quality of the Turkey flours (Fig. 6) 


was intermediate and quite uniform at all levels. The Blackhull sam- 
ples (Fig. 7) had rather poor quality over the entire protein range, while 
the Nebred samples (Fig. 8) had exceedingly high quality even in the 
high protein ranges. 


Summary 


A method is suggested for comparing the protein quality of flours 
at a definite protein level. 

The applicability to the study of quality of supplements of malt, 
shortening, and milk to the A. A. C. C. basic formula was investigated. 
Van Scoyk’s micro-baking technique was used. All supplements gave 
the same comparative evaluations of the flours when the oxidation and 
mixing times were optimum for the individual flours. The comparative 
evaluations of flours reduced to a definite protein level differed from 
the comparative evaluation of the original flours. 

A study was made of the comparative quality of the proteins of 
wheat varieties at various naturally occurring protein levels. The data 
indicate that there is wide variation in protein quality between varieties 
and that the protein quality within a variety varies with the naturally 
occurring protein level. It is suggested that the results obtained by this 
protein dilution method may be an indication of the blending value of 
flours. 
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INCREASE OF VITAMIN B, INTAKE BY THE USE OF 
SPECIAL HIGH VITAMIN B, BREAD’ 
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Department of Biochemistry, School of Medicine, 
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(Received for publication May 13, 1940) 


According to the recent report of the Mixed Committee on the 
Problem of Nutrition of the League of Nations (1938): “ There is 
strong evidence that human dietaries in many parts of the world are 
more or less deficient in vitamin B, although beri-beri is absent.” That 
inadequacies may be commonly encountered in American dietaries is 
indicated by the reviews of Williams and Spies (1938) and Jolliffe 
(1938). 

Baker, Wright, and Drummond (1937) have traced the progress of 
flour refining and have indicated the changes which this progress has 
made in the vitamin B, content of the diet. The amount of thiamin in 
whole wheat is not greatly in excess of that found in several other foods. 
However, interest is rightly centered in this substance since it has been 
shown that over 20% of the caloric intake of the American diet is con- 
tributed by wheat. For this reason wheat, if not deprived of its vitamin 
B, content by milling procedures, may contribute very significantly to 
the total intake of the vitamin. However, according to the values given 
by the investigators cited above, 100 g. of modern white flour contains 





1 This investigation was aided by a grant from Standard Brands, Inc. 
2 With the technical assistance of Gordon H. Magruder. 
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only 7% as much vitamin as 100°g. of whole wheat and their surveys 
indicate that refined white flour accounts for well over 80% of the sales 
of wheat products for human use. 

The need for the addition of vitamin B, to staple American foods 
has recently been stressed by Cowgill (1939). The use of a yeast pro- 
duced under conditions so that it has a high content of vitamin B, has 
been shown by Schultz, Atkin, and Frey (1939) to restore the thiamin 
content of white bread so that it is equivalent to whole-wheat bread. 

The evaluation of the state of thiamin nutrition by determining 
the output of the vitamin in the urine has been proposed by Harris and 
Leong (1936). This has led to the development of several methods 
for the determination of thiamin (Levine and Marples, 1938). The 
present report presents studies carried out on seemingly normal young 
women in which special white bread of high thiamin content was in- 
cluded in the diet in moderate amounts. 


Experimental 


Seventeen well nourished young women who expressed a willingness 
to cooperate served as the subjects in this study. For the most part 
these were students at Western Reserve University. A preliminary 
control period was observed during which a 24-hour sample of urine 
was collected. Hemoglobin estimations and red cell counts were also 
made during this time. At the end of the control period, which varied 
from one to three weeks, the subjects were supplied with the special 
bread and instructed to substitute this bread for the bread ordinarily 
consumed, but to make no other alterations in their ordinary diet. The 
subjects ate this bread for approximately five weeks. During this time 
tabulation of the total food intake for seven consecutive days was made, 
and from these data the vitamin B, intake was calculated as well as the 
proportion of the total intake of vitamin B, supplied by the bread. 
Hemoglobin estimations and red cell counts were made at fortnightly 
intervals, and at the end of the bread-eating period two such estimations 
were made on different days. A second 24-hour sample of urine was 
collected at the end of this period. The subjects also filled out a ques- 
tionnaire as to any subjective symptomatic changes that might have 
been observed during the period of eating the high vitamin B, bread. 

Estimation of hemoglobin was carried out in all cases by the acid 
hematin method and by the benzidine method of Bing and Baker (1931). 
Red cell counts were made as described in standard texts on hematology. 

The composition of the diets was calculated from the tables of Waller 
(1937). The preferred values for the thiamin content of foods given 
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by Daniel and Munsell (1937) and Williams and Spies (1938) were 
used in calculating the thiamin intakes. 

Method for estimation of urinary thiamin.—The urinary thiamin 
was determined by a modification of the yeast fermentation method of 
Schultz, Atkin, and Frey (1937, 1938). As suggested by these authors, 
normal urine appears to contain substances in addition to thiamin which 
accelerate the rate of yeast fermentation. A technique was used in 
which the stimulating effect of urine was compared with a similar 
amount of urine in which the thiamin had been destroyed by treatment 
with alkaline ferricyanide. Two additional fermentation mixtures were 
employed which contained urine that had been treated to destroy its 
original thiamin and to which had been added 2 and 4 gamma of crystal- 
line thiamin.* From the stimulatory effect of the known amount of 
thiamin the concentration of thiamin in the urine was calculated. 
Schultz and his associates measured the fermentation rate by catching 
the evolved CO, in manometers. We have used this method and have 
also on the same samples determined the concentration of residual sugar 
in the fermentation mixtures and thus have evaluated sugar consump- 
tion.* Values based on calculations of gas production or sugar con- 
sumption agree within the limits of the experimental error of the 
method. It is quite possible of course to carry out analyses for thiamin 
without the use of manometers if residual sugar estimations are made. 
These can conveniently be made by saturating a portion of the fer- 
mentation mixture with picric acid and then applying the colorimetric 
sugar method of Myers and Bailey (1916). 

Under the conditions employed, the treatment with alkaline ferri- 
cyanide always resulted in complete destruction of thiamin if it was 
added to the urine. Numerous recovery experiments were carried out 
in which it was possible to ascertain the amount of thiamin that had 
been added to the urine. In the studies reported below duplicate de- 
terminations were carried out on all of the urine specimens. 

Source of bread—The bread used in this study was baked twice 
weekly by a local bakery. It was a plain white bread baked with a high 
vitamin B, yeast. Assays of the thiamin content of the bread were 
carried out each week by the fermentation method. 


Results 


The effect of the ingestion of the high vitamin B, bread on the 
hemoglobin concentration and the red cell counts of the subjects is 
shown in Table I. Inspection of the individual values indicates that 





* Kindly supplied by Merck and Co., Inc., Rahway, New Jersey. 
* This type of procedure was suggested by Dr. J. A. Killian. 
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TABLE I 


BLoop FINnpINGsS IN SuByEcTs EATING HIGH VITAMIN B; BREAD 








Average during initial Average at end of 
control period bread-eating period 








Subject Hemoglobin RBC count Hemoglobin RBC count 





g. per Millions g. per Millions 

100 cc. per cu.mm. 3 per cu.mm., 
12.3 
10.7 
13.0 
13.0 
12.7 
13.1 
12.7 
12.5 
12.5 
14.6 
12.0 
13.4 
12.4 
12.7 
11.9 
12.6 
12.5 

Average 12.6 
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the maximum increase in hemoglobin was 1.0 g. per 100 cc. of blood, 
whereas the maximum decrease was 1.7 g. The average values for the 
control period and for the analyses at the end of the bread-eating period 
are practically identical. There were also no significant changes in the 
red cell counts. 

The effect of the ingestion of high vitamin B, white bread on the 
urinary excretion of thiamin is shown in Table II. The individual 
values for thiamin excretion vary widely, the lowest value being 39 
gamma of thiamin per 24-hour sample and the highest 450 gamma per 
24-hour sample. Of the 17 subjects, 14 showed an increase in the uri- 
nary thiamin excretion after the period of ingestion of the high vitamin 
B, bread. Of the three subjects who showed a decrease in urinary 
thiamin two were out of school for two or three days with influenza 
just prior to collection of the second 24-hour urine specimen. The 
average figures for the group indicate that the urinary thiamin output 
was nearly doubled as a result of the ingestion of the vitamin B, bread. 

A summary of the information obtained from the daily diet records 
of the subjects appears in Table III. The percentage of the total thi- 
amin intake contributed by the bread is seen to be 34.1%, which is a 
very considerable proportion. 

Of the 17 subjects, 15 reported that they liked the bread and two 
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TABLE II 


URINARY THIAMIN EXCRETION 





Thiamin excretion during Thiamin excretion at end 
control period before of period of ingestion 
Subject eating vitamin B, bread of vitamin B, bread 





Gamma per 24 hours 


154 
275 

94 

82 
346 
157 

80 
121 
162 
151 
330 
450 
152 

43 
396 
350 
151 
Average 206 
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TABLE III 


SUMMARY OF DrETARY RECORDS oF SuBJjJECTS EATING HIGH VITAMIN B; BREAD 











Percent of 
thiamin 
Carbo- intake 
Protein’ Fat hydrate Caloric Thiamin contributed 
Subject Age Weight intake! intake! intake' intake!  intake' by B; bread 


kg. : ere “era rs 


CONAUS WH 


— 


Average 





1 Average daily intake. 
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reported that they did not particularly like any kind of bread but that 
this was as good as any. The approximate average daily consumption 
over the whole period was between four and five slices. Four of the 
subjects reported that they definitely felt better while eating the bread 
and six reported an increase in appetite. No other changes in sub- 
jective symptoms were reported. 


Discussion 


For some time there has been a vague suggestion of relationship 
between vitamin B, and secondary anemia. This is indicated by the 
policy of some physicians to include vitamin B, in the treatment of cer- 
tain secondary anemias. It is also suggested by the policy of some of 
the pharmaceutical houses who recommend preparations for anemia 
which are fortified with vitamn B,. 

Minot (1939) recently stated that more information was needed re- 
garding the relationship between chronic iron deficiency and some factor 
of the vitamin B complex. Summerfeldt and Ross (1938) found that 
the addition of vitamin B, and iron to a “ good ” diet of normal children 
produced increases in hemoglobin concentration of the blood and in- 
creases above the expected growth rate. Schlutz, Oldham, and Morse 
(1938) have suggested that increases in vitamin B, intake result in a 
decrease in iron retention in the normal infant. 

The exact status of our subjects was somewhat questionable. In 
light of present-day hematological standards, the hemoglobin concentra- 
tions were definitely below the figure that is normally given for such 
an age group. However, for three successive years surveys in this 
laboratory of the hemoglobin levels in similar groups have given almost 
identical results. Furthermore if this is a true anemia it does not 
respond to administration of iron salts since a large group of such stu- 
dents did not show hemoglobin increases when fairly large doses of iron 
were given (unpublished observations from this laboratory). In the 
present study the ingestion of increased amounts of vitamin B, as 
supplied by the bread did not appear to have any effect on the hemo- 
globin concentration or the red cell counts in these subjects. If a true 
mild anemia existed it must have been due to other factors. 

Since the original work of Harris and Leong (1936) numerous 
studies of thiamin excretion have been made. Jolliffe, Goodhart, Gen- 
nis, and Cline (1939) noted that definite clinical symptoms of deficiency 
developed in four of five male subjects when the excretion level dropped 
below 100 gamma per 24 hours. Melnick, Field, and Robinson (1939) 
have found a definite difference in the excretion levels of male and 
female subjects. These investigators found that a group of nine women 
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consuming their ordinary diet excreted 93 gamma of thiamin per 24 
hours. The calculated dietary intake of thiamin was 710 gamma per 
24 hours. In the subjects of the present study the daily thiamin excre- 
tion during the control period was 106 gamma and from the dietary 
records it might be assumed that they receive approximately 750 gamma 
of thiamin per day. The agreement between these two series is quite 
striking. Melnick, Field, and Robinson suggest that a thiamin excre- 
tion of 60 to 70 gamma per 24 hours for an adult female represents a 
borderline condition with respect to thiamin intake. In their series and 
our own the excretion was not greatly above this level nor was the 
amount of thiamin in the diet greatly in excess of the minimum re- 
quirement suggested by Cowgill (1938). In the series of Melnick, 
Field, and Robinson (1939) the women were wives of hospital staff 
members and in the present series the subjects were young college 
women. In our series we feel that in no case was the ordinary diet 
greatly restricted by the economic status of the subject. 

With the inclusion of the vitamin B, bread in the ordinary diet a 
very definite increase in the average thiamin excretion in the urine was 
noted at the end of the bread eating period. Approximately 20% of 
the thiamin intake appeared in the urine. This increase in percentage of 
excretion might be expected since the increased vitamin intake continued 
for a period of 5 weeks during which time there was an opportunity 
for any depleted reserves to be restored. Furthermore the possibility 
of partial destruction of thiamin in the gastro-intestinal tract which has 
been suggested as occurring when large doses are given during the fast- 
ing state (Melnick et al. 1939) is minimized since the extra thiamin was 
obtained from the food eaten with the three daily meals. There can be 
little question that if thiamin excretion reflects the level of thiamin nu- 
trition (Melnick et al., 1939; Jolliffe et al., 1939) the subjects in this 
study were in a much better state of thiamin nutrition as a result of 
substituting the special vitamin B, white bread in place of that ordinarily 
included in the diet. 

It is realized that analysis of diet records is subject to a considerable 
error as far as the amounts of foods are concerned. Furthermore a 
marked variation occurs in the composition of different samples of the 
same food. The dietaries of this group of subjects during ingestion 
of the special bread as indicated by Table III included adequate amounts 
of vitamin B,. The last column of Table III indicates the amount of 
thiamin contributed by the high vitamin B, bread, and it is to be seen 
that the thiamin content of the bread makes up over 34% of the total 
thiamin intake. In these diets the bread contributed approximately 16% 
of the caloric intake. It is well recognized that low-income groups have 
the most limited thiamin intake. In these same diets bread contributes 
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a larger percentage of the total caloric intake. In such low-income 
groups the use of vitamin B, bread might reasonably be expected to 
cause more marked improvement in the thiamin intake than noted in 
the present study. 

In regard to the subjective symptoms very little can be said since this 
merely represents the reports of the subjects. However the possibility 
that the changes in general well being and in appetite reported by 25% 
of the subjects were real rather than psychological cannot be denied. 


Summary 


White bread baked with a new high vitamin B, yeast was ingested 
by 17 young college women in place of the bread ordinarily included 
in the diet. The somewhat subnormal blood hemoglobin concentrations 
of these subjects did not show any alteration during this period. The 
urinary thiamin excretion before the period of eating the special bread 
averaged 106 gamma per 24 hours, whereas at the end of the five-week 
period the excretion of thiamin averaged 206 gamma per 24 hours. If 
the urinary excretion reflects the state of thiamin nutrition, this indicates 
an improved state of thiamin nutrition in these subjects. Dietary rec- 
ords obtained from the subjects indicated that the special bread con- 
tributed 34% of the total thiamin intake. 
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The fermentation method for the determination of thiamin as de- 
veloped by Schultz, Atkin, and Frey (1937, 1938) has given the baking 
technologist a useful tool for the study of the vitamin B, content of his 
raw materials. Compared to feeding tests, the fermentation method is 
rapid and inexpensive, and therefore of great value in a study of this 
kind. The data presented in this report (Tables I-IV) are taken from 
continuous routine assays, and many of the tests were made on flours 
actually used in production. Before a complete picture of the vitamin 
B, content of flours used in this country can be drawn, statistical studies 
from many sources as well as different methods of assay must be evalu- 
ated, and for this reason these tests should be of interest and serve a 
useful purpose. 

Williams and Spies (1938) have summarized the literature and 
report variations of from 4.7 to 10.2 gamma of thiamin per gram in 
whole-wheat flours, and with the preferred average from 4 to 5 gamma 





WHOLE WHEAT AND CLEAR FLOURS 


TABLE I 


THIAMIN CONTENT OF SPECIAL WHOLE-WHEAT FLouRS 
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Thiamin Source 


Ash Thiamin 
Gamma/gram % Gamma/gram 
Pacific Coast 1.56 7.0 
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Kansas 1.71 
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Average: 6.8 gamma per gram 





TABLE II 
THIAMIN CONTENT OF COMMERCIAL SHIPMENTS OF WHOLE-WHEAT FLOUR 


(Data calculated to 10% moisture basis) 
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TABLE III 


VARIATION OF THIAMIN CONTENT OF WHOLE-WHEAT BREAD WITH THE 
THIAMIN CONTENT OF THE FLOUR USED 








Flour (10% moisture basis) Bread (38% moisture) 


Gamma/gram Int. units/Ib. Int. units/lb. ~ Decrease, % 
800 460 42.5 
1182 650 45.0 
984 550 44.0 
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TABLE IV 
THIAMIN CONTENT OF CLEAR FLOURS 


(Data calculated to the 13% moisture basis) 
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per gram. These figures are taken from feeding tests and from the 
bradycardia method of assay, and a considerable number of them repre- 
sent the thiamin content of flours available in England. 

The decrease in vitamin B, content from the flour to the bread repre- 
sents a combination of factors: first, the dilution due to the higher mois- 
ture content of the bread as compared to the flour; secondly, the addi- 
tion of nonvitamin-containing ingredients such as shortening, sugar, and 
salt ; and thirdly, a slight baking loss. 

Copping and Roscoe (1937) summarized the literature then avail- 
able on clear flours. The results reported indicated that the lower the 
grade of the flour, the higher the vitamin content. Schultz, Atkin, and 
Frey (1939) found clear flours to contain 2.7 and 1.8 gamma of thiamin 
per gram, and a second-grade clear to contain 5.1 gamma per gram. 

In Figure 1 some values for cake, standard-patent, and straight- 
patent flours were included in order to illustrate further the variation 
of the thiamin content with the ash of the flour. It is interesting to 
note that whatever the degree of extraction or the source of the flour, 
the thiamin content bears a quite definite relationship to the ash. 


Summary 


As determined by the fermentation method the average thiamin con- 
tent of 46 samples of whole-wheat flour was 6.85 gamma per gram on 
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Fig. 1. The relationship between thiamin content and the ash of flour. 





the 10% moisture basis. There was no correlation with ash content 
and no special trend toward high or low vitamin contents in various 
parts of the wheat-producing areas except that the white or softer type 
of wheat tended to be somewhat lower than the average. Most of the 
samples tested were no doubt blends of wheat varieties and hence no 
correlation with varieties could be suggested. 

The thiamin content of clear flours had a definite relationship to the 
ash content and varied from 2.0 to 4.7 gamma per gram. 
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The feeding tests which have been made on bread and bread ingredi- 
ents in order to obtain the vitamin B, content indicate that the baking 
loss is small. For example, Copping and Roscoe (1937) pointed out 
that the similarity of the vitamin contents of the breads and the flours 
from which they were made suggested no appreciable destruction of 
the vitamin during baking. Williams and Spies (1938) reported that 
the vitamin content of the bread on the air-dried basis was similar to 
that of the flour from which the bread was made. Aughey and Daniel 
(1940) found that there was a baking loss of 15% in whole-wheat bread. 
These results suggest that the baking loss is probably of a degree which 
approaches the limit of accuracy of a feeding test. 

The fermentation test (Schultz, Atkin, and Frey, 1937, 1938) gives 
results which indicate that the baking losses vary from 5% to 9% of 
the total vitamin originally present. Objections may be made to the 
use of the fermentation test in this type of study because of the possible 
yeast-stimulating power of break-down products of the thiamin. If 
such were entirely true, it would be difficult to show any baking loss 
by this test. Any such possible error, as will be seen, cannot exceed 
the allowable error of duplicate feeding tests, and the fermention test 
therefore gives a satisfactory method for studying the variation in thi- 
amin content of the different portions of the slice, a study which would 
be difficult with feeding tests. 

In order to determine the thiamin content of different portions of 
the slice, and thereby measure the baking loss, slices were divided as 
follows: (1) the caramelized part of the crust, (2) one-half inch of 
the slice immediately under the crust, and (3) the interior of the slice 
(one square inch). These various portions were air-dried, ground, and 
the thiamin determined. The results in all cases were calculated to the 
dry basis. 

The assumption was made that no destruction of thiamin took place 
in the immediate center of the loaf, and therefore the baking loss was 
taken as the percentage difference between the thiamin content of the 
interior of the slice and the average of the entire slice. The average 
baking loss of the three types of bread shown in Table I was 7%. 

No doubt the end slices would lose proportionally more than the 
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TABLE I 


THIAMIN CONTENTS OF VARIOUS PORTIONS OF THE SLICE 


(Thiamin in gamma per gram of bread calculated to the dry basis) 

















Next to Entire Baking 
Type of bread Crust crust Interior slice loss 
Regular white 1.0 1.2 1.2 1.1 8% we 
High B, white 6.9 8.7 10.8 10.2 5% 
Whole wheat 3.3 6.7 7.5 6.8 % 





other slices of the loaf because of the greater surface exposed to the 
heat of the oven, but figured on the entire loaf, the thiamin content of 
a slice gives a reliable value for the thiamin content of the entire loaf. 
During the preparation of a number of loaves for feeding tests, the 
fermentation test indicated no measurable difference in thiamin content 
between an average slice and the entire loaf, and apparently any effect 
of the end slices is lost because of the small percentage of the entire 
loaf represnted by the end slices. 

Since a rather large portion of the bread consumed in this country 
is in the form of toast, the stability of thiamin during toasting is of 
nutritional importance. In order to study the loss of vitamin during 
toasting, a number of slices from the same loaf were taken and light, 
medium, and heavy toast prepared. It was difficult of course to obtain 
exactly the same degree of toasting for the different breads studied, 
but it is believed, however, that the heavy toast represented considerably 
more toasting than the average person would prefer. After toasting, 
the slices, including an untoasted slice serving as a control, were air- 
dried, ground, and tested for vitamin B, by the fermentation method. 
Results are shown in Table IT, and for Melba toast in Table III. 


TABLE II 
Loss oF THIAMIN ON TOASTING 


(Thiamin in gamma per gram calculated to the dry basis) 








Percentage loss 





Light Medium Heavy 











Type of bread Untoasted toast toast toast Light Medium Heavy 
Regular white 1.0 1.0 1.0 1.0 0% 0% 0% 
High B; white 4.9 4.7 4.2 3.7 4% 10% 24% 
High B, white 12.3 10.8 10.2 9.7 12% 17% 21% 
Whole wheat 6.7 6.7 6.5 5.9 0% 3% 12% 
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TABLE III 


Tue Loss or THIAMIN IN THE PREPARATION OF MELBA TOAST 
(Thiamin in gamma per gram calculated to the dry basis) 














Type of bread Untoasted Melba toast Percentage loss 

Regular white 1.1 1.0 9% 

High B, white 10.2 7.5 26% 
Summary 


The baking losses of thiamin in three types of bread vary from 5% 
to 9% as measured by the fermentation test. 

The toasting losses of thiamin (medium toasting) vary from 0% 
to 17%, depending on the type of bread. The process of making 
Melba toast is more destructive of thiamin than ordinary toasting. 
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SOME PHYSICAL AND CHEMICAL CHANGES OCCUR- 
RING IN HARD RED SPRING WHEAT GLUTEN 
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The effects of dough fermentation upon the properties of wheat 
gluten have received substantial attention in cereal chemistry literature. 
Since gluten forms the framework of the dough, holding in its inter- 
stices the other substances such as starch, sugar, and yeast cells which 
are present, any changes induced in the properties of gluten during fer- 
mentation are of direct practical importance. 











740 HARD RED SPRING WHEAT GLUTEN Vol. 17 


Proteolysis is probably one of the most important factors concerned 
in fermentation. Too great a proteolytic activity will cause the dough 
to become distinctly slack, and may even render it entirely unfit for 
bread-making purposes. Too little activity, on the other hand, may 
cause a dough to be harsh and “ bucky.” The hydrogen-ion concentra- 
tion of the reaction medium has a profound influence upon enzymatic 
activity and protein behavior. The effects of fermentation and of pro- 
teolytic enzymes upon dough and gluten characteristics have been ex- 
tensively studied, with emphasis upon viscosity changes as indicative 
of proteolytic effects. 

Henderson, Fenn and Cohn (1919) believed that a dough with low 
viscosity would produce a better loaf of bread than one with high vis- 
cosity, and thought that the principal advantage in bringing a dough to 
a pH of 5 before baking was the minimum viscosity obtained at that 
hydrogen-ion concentration. Sharp and Gortner (1924) postulated that 
viscosity of a water suspension prepared from a dough, with electrolytes 
removed, increased to a maximum as fermentation progressed. In a 
similar way the viscosity of such a suspension treated with lactic acid 
markedly increased as fermentation proceeded. Malt extract greatly 
decreased these effects, presumably as a result of its proteolytic action 
upon the gluten. It therefore appears from this work that proteolysis 
decreased viscosity, as would be expected, but that fermentation with the 
production of acid had an opposite effect. Olsen and Bailey (1925) 
did not agree with the findings of Sharp and Gortner, but thought that 
the increased hydrogen-ion concentration of the flour suspension under- 
going fermentation reduced viscosity. ‘These workers did not find much 
proteolysis caused by yeast in doughs. 

Sharp and Elmer (1924) reported that the proteolytic enzymes 
present in wheat flour were capable of attacking and digesting flour 
protein significantly during a digestion period of two to three weeks. 
The method of estimating protein changes was by autolyzing flour sus- 
pensions at 35° C. and then determining the proteins soluble in K,SO,, 
ethyl alcohol, etc. 

Bailey and Johnson (1924) estimated the loss of carbon dioxide 
from fermenting doughs by two methods, one involving measurements 
of expansion of the dough plus loss of CO,, and the other the expansion 
of the dough alone. The loss was found to increase rapidly after a lapse 
of 100 to 180 minutes, and they judged this point to be an indication of 
the optimum fermentation period. Sharp and Schreiner (1926) used 
the Sharp and Elmer method of protein analysis after autolysis but did 
not find marked proteolysis in dough fermentation. The plasticity con- 
stants represented by the consistency and the yield value of glutenin 
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suspensions after treatment with lactic acid did increase, however, as 
yeast fermentation progressed. 

Brownlee and Bailey (1930) also investigated the proteolysis of 
bread doughs. Determinations of nonprotein nitrogen by protein pre- 
cipitation with stannous chloride indicated a relatively unimportant cleav- 
age of gluten protein as fermentation progressed, even in dough to which 
malt preparations had been added. There was no evidence to show that 
proteolytic enzymes and the by-products of fermentation, such as acid, 
alcohol, etc., effected gluten degradation during the time range of usual 
bread-dough fermentation. Viscosimetric technique, however, did show 
evidence of changes taking place in fermenting doughs, probably due to 
differences in imbibitional properties of the flour gluten. 

Smith (1925) found that flours of high viscosity were of excellent 
baking quality, while flours of low viscosity ranged from excellent to 
poor in baking quality. Smith accordingly postulated that in the ma- 
jority of instances viscosity was not a measure of baking quality. The 
viscosities were determined upon leached and unleached flour-water 
suspensions with a Sheely pipette. 

Bohn and Bailey (1936) constructed a “stress meter ”’ and meas- 
ured the stress-strain relationships of fermenting doughs. A significant 
reduction in the stress readings occurred during fermentation, which 
suggested to the authors that progressive fermentation “ mellows”’ 
rather than “develops” wheat-flour dough. It was also found that 
high stress readings were a good indication of the ability of a dough 
to withstand prolonged mixing. Later (1937) these workers found that 
small amounts of papain did not affect stress readings. Larger addi- 
tions, however, significantly decreased stress readings. They explained 
these effects by the hypothesis that small increments of the enzyme act 
as a flour coagulant, whereas larger amounts are liquefying. 

The action of various inhibitory substances upon proteases has been 
extensively discussed in the literature and will therefore not be reviewed 
in the present paper. The work of Read and Haas, Jorgensen, Flohil, 
Harris and Johnson (see “ Literatured Cited ’’) has called attention to 
this phase of cereal investigations, with adequate literature references. 
These researches (especially in the instance of Harris and Johnson) have 
mainly dealt with the effect of oxidizing agents, such as potassium bro- 
mate, upon proteases either native to the flour or added in the form of 
yeast, papain, pepsin, etc. Harris and Johnson (1940) studied the ef- 
fects of these enzymes and KBrO, upon viscosity and other properties 
of spring wheat gluten dispersions. It was found that papain and pepsin 
have similar effects upon the rate at which glutens dispersed in 10% 
sodium salicylate, and that bromate altered this rate. The quantity of 
protein precipitated from the gluten dispersions by MgSO, was mark- 
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edly reduced by papain, but not by pepsin. The mode of procedure in 
this study was to add the enzyme and bromate in appropriate quantities 
to the other dough ingredients, mix for three minutes in the Hobart- 
Swanson to thoroughly incorporate the ingredients in the dough, and 
immediately wash the gluten from the dough with a standardized stream 
of 0.1% sodium phosphate solution of pH 6.8. No time was allowed 
for enzymic action other than during the mixing period. 

In view of the results obtained when the substrate was exposed to 
the action of the enzyme for a maximum of less than five minutes, and 
with the work of other investigators upon fermenting doughs in mind, 
it seemed desirable to extend the study to a determination of enzymic 
effects upon these properties of wheat gluten during normal dough fer- 
mentation. The techniques already described were accordingly applied 
to doughs which were fermented for varying periods of time. 


Experimental Material and Methods 


A commercially milled hard red spring wheat straight flour was 
used for this investigation. This flour was not bleached nor had any 
diastatic agent been added. The protein content of the flour was 13.2% 
and the ash 0.44% on a 13.5% moisture basis. 

The doughs from which the glutens were washed were made up in 
the manner normally used in this laboratory, using the standard basic 
formula with 5% of sucrose added to furnish sufficient fermentable 
material for the yeast during the course of the fermentation. It was 
decided to ferment the doughs over a period of five hours to cover 
thoroughly the range of customary experimental baking, and to take sam- 
ples for washing gluten at hourly intervals starting with the first sample 
immediately after mixing, as had been done in the former study. Each 
dough would thus furnish six samples of gluten for investigation, and 
the effect of fermentation upon gluten properties as related to formula 
could be followed. The doughs were fermented at 30° C. and 85% 
relative humidity. Punches were made at hourly intervals. 

In addition to using the viscosity and fractionation procedures out- 
lined by the authors in previous publications, determinations of hy- 
drogen-ion concentration and oxidation-reduction potentials were made 
upon the doughs at hourly intervals, using a Beckmann pH meter with 
glass and platinum electrodes. Because a test of the physical properties 
of the gluten as influenced by fermentation seemed desirable, a series 
of resistance tests were made upon the freshly washed gluten by means 
of a “tenderness” tester. This apparatus was fully described by Bin- 
nington, Johannson, and Geddes (1939) and used by them as well as 
by Harris and Knowles (1940) in determining the tenderness of cooked 
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macaroni. The possibility of using the tenderness test to study the 
resistance of doughs and glutens to pressure was privately suggested 
by Binnington and Geddes inasmuch as the equipment commonly used 
for determining gluten qualities depends upon stretching and pulling ef- 
fects. On the other hand the experimental baker largely forms his 
opinion of gluten quality during the fermentation period by the “ feel” 
of the dough between his hands when punching and working the dough 
and the results yielded by the apparatus described should correspond in 
some degree at least to the baker’s judgment. A plunger 50 mm. in 
diameter was used in these experiments. 

A modification was introduced in the method of dispersing the pieces 
of gluten washed from the doughs in sodium salicylate. In former in- 
stances this dispersion had been accomplished by shaking the dispersion 
flasks by hand, at approximately five-minute intervals, care being taken 
to prevent foaming. No doubt variations in the degree of shaking 
would occur between operators and between different shaking periods. 
It was also impossible to follow the shaking schedule throughout the 24 
hours, and this factor no doubt introduced small errors in the final re- 
sults. A further undesirable source of variation was that possible sur- 
face denaturation might occur if the shaking were done too vigorously. 
In view of these considerations a mechanical rotary shaker was con- 
structed of aluminum mounted upon a wooden base. This equipment, a 
picture of which is shown in Figure 1, is capable of holding 20 Erlen- 
meyer flasks of 200-cc. capacity at one time. It has a speed of approxi- 
mately 14 rpm. and is actuated by a 14 hp. electric motor. This machine 
functioned very satisfactorily, no trace of foaming being observed in 
the dispersions during the process of disintegration, while the rate of 
revolution was sufficient to insure thorough stirring of the flask contents. 
A further factor in favor of machine shaking was that there would be 
little opportunity for mechanical disintegration to affect the gluten dis- 
persion rate because of the gentle agitation of the flask contents. 

It was decided to study the effect of additions of 0.002% and 0.004% 
papain to the standard basic formula. An addition of 0.001% KBrO, 
was also made to the standard basic formula, and increments of 0.001% 
and 0.004% KBrO, were superimposed upon the 0.004% papain-treated 
doughs. 


Discussion of Results 


As the data are conveniently suited to graphic presentations, no tables 
of results are presented in this paper, and the discussion will be confined 
to the figures. The comparative rates of dispersion, as registered in 
centipoises < 10? and determined at intervals of four hours, will be 
discussed first. 
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Examining the data obtained with the standard basic method, as 
graphically presented in Figure 2, it is evident that the length of time 
the dough was fermented had a decided effect upon the viscosity-time 
relationships. The initial effect of fermentation appeared to slightly in- 
crease the rate of dispersion in sodium salicylate, while further fermenta- 
tion decreased it. This effect reached a maximum after three hours. 
The difference between the second and third hours is very striking, and 
may be connected with coagulation of the protein by the proteolytic en- 
zymes present in the dough. After the third hour the rate of dispersion 
increases again, rising approximately half of the distance to the zero 
hour curve. This rise is seemingly related to further liquefying action 
of the proteases as well as to an increase in hydrogen ion concentration 
in the fermenting dough. 





Lm 


Fig. 1. Motor-actuated rotary shaker used for gently agitating gluten dispersions in 10% sodium 
salicylate solution during the period of dispersion. Speed-reducing pulleys shown at right. Frame 
holding flasks is constructed from aluminum and is mounted on steel supports. Rods for fastening 
flasks in shaker are of brass and are held in correct position by brass thumb screws which can be 
seen projecting from the sides of the flask carriers. The flasks (200-cc. Erlenmeyer in the photograph) 
rest in a suitable hollowed-out seat lined with felt. Capacity of shaker, 20 flasks. Speed of er, 
14 rpm. 


Turning next to Figure 3, which represents the data obtained in a 
similar way with the standard basic formula plus 0.001% KBrO,, the 
effects of fermentation noticeable in Figure 2 have been increased by 
the bromate. The zero and first-hour dough curves are very similar 
to those in Figure 2, but the following four doughs yielded glutens 
having practically the same dispersion rate. This rate shows a very 
marked change after the eighth hour of dispersion and probably repre- 
sents the combined effects of an initial coagulative action by the pro- 
tease and an inhibitory effect of the bromate, the latter substance acting 
to prevent further liquefying activity by the proteases. 
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In Figure 4 the results obtained when 0.002% papain was added to 
the dough mix are shown. There are no apparent significant differ- 
ences among the curves representing the glutens washed from doughs 
fermented for different periods. In comparing this set of results with 
the preceding figures it is evident at once that the glutens all dispersed 












































J } Bree | 
15 T | | | | “Ao 
| fi | | 
170 en 
po | 
% /6 
>< +(iz) 
a3 155 a 
To 
Pe 150 - 
e | 
S 
M$ 4 
} | 
140 





























12 —4 . a2 a Ue 
Hovr s 
Dispersion Time 


Fig. 2. Relationships between viscosity and time of dispersion of gluten washed from doughs 
prepared from standard basic formula. Number of curve represents hours of fermentation of dough 
before gluten was washed. 


much more rapidly when treated with papain, and the full effect of the 
enzyme is apparently felt during the mixing period. There appears to 
be some evidence in favor of the theory that increasing the fermentation 
period may have tended to reduce the size of the gluten protein micelle. 
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The same situation is represented in Figure 5, which shows the relation- 
ships when 0.004% papain was added to the dough. 
The effect of 0.001% KBrO, upon 0.004% papain in the dough is 
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Fig. 3. Relationships between viscosity and time of dispersion of glutens washed from doughs 
prepared from standard basic formula plus 0.001% KBrOs. Number of curve represents hours of 
fermentation of dough before gluten was washed. 








shown in Figure 6. A gradual decrease in rate of dispersion is evident, 
this decrease becoming more marked as fermentation time lengthens. 
No great differences are evident in the unfermented and one-hour- 
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fermented dough glutens in comparing Figures 5 and 6, thus showing 
that the bromate did not commence to take effect until the second hour 
of fermentation was reached. In Figure 7, however, the increase in 
bromate concentration had a noticeable influence commencing with the 
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Fig. 4. Relationships between viscosity and time of dispersion of glutens washed from doughs 
prepared from standard basic formula plus 0.002% papain. Number of curve represents hours of 
fermentation of dough before gluten was washed. 


first hour of fermentation. It is probable that a higher dosage of papain 
would cause marked differences among the rates of dispersion of the 
glutens from unfermented doughs, corresponding with results obtained 
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by the authors in former work of this nature (Harris and Johnson, 
It was noticed that the mechanical shaker which was employed 
in the present study altered the shape of the curves to some extent as 
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Fig. 6. Relationships between viscosity and time of dispersion of glutens washed from doughs 
prepared from standard basic formula plus 0.004% papain and 0.001% KBrO3. Number of curve 
represents hours of fermentation of dough before gluten was washed. 
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Fig. 7. Relationships between viscosity and time of dispersion of glutens washed from doughs 
prepared from standard basic formula plus 0.004% papain and 0.004% KBrOs3. Number of curve 
represents hours of fermentation of dough before gluten was washed. 


compared to the curves obtained by hand shaking. It is also evident 
that in the instances of the gluten prepared from the standard basic and 
bromate-treated doughs which had been fermented for several hours, 
there was an initial period of “ lag” or relatively slow dispersion lasting 



























Nov., 1940 R. H. HARRIS AND JOHN JOHNSON, JR. 7 


wn 
_ 


from 8 to 12 hours, after which the course of the dispersion was greatly 
accelerated. This phenomenon could be followed by visual examination 
of the dispersions. During the first few hours the liquid appeared quite 
transparent, with the gluten remaining in well defined clumps. After 
8 to 12 hours the dispersion began to cloud up and the clumps disinte- 
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Fig. 8. Relationships between viscosity of gluten dispersion and hours of fermentation 
for each of the six dough formulas employed. 


grated into smaller fragments. In the case of the standard basic-plus- 
bromate and papain-plus-0.004%-bromate doughs, the effect of the 
improver was so marked following three or more hours of fermentation 
that the gluten refused to thoroughly disintegrate after 24 hours of 
constant shaking. 











752 HARD RED SPRING WHEAT GLUTEN Vol. 17 


A further series of dispersions was prepared and continuously agi- 
tated on the shaker for 36 hours. They were then centrifuged, and the 
protein concentration of the liquid was ascertained. The dispersions 
were next adjusted to a protein concentration of 2500 mg. per 100 cc. 
and the viscosities determined. In each case the quantity of protein 
thrown down by the addition of 0.6 cc. of concentrated MgSO, solution 
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Fig. 9. Relationships between quantity of gluten protein fractionated from dispersion and 
hours of fermentation time for each of the six dough formulas employed. 


to a 10-cc. aliquot of the dispersion was also found. The results ob- 
tained, expressed in viscosity and fractionation values for each formula 
over the fermentation period employed, are shown in Figures 8 and 9, 
respectively. While a certain amount of variability is evident certain 
trends can be discerned. From Figure 8 it is evident that in the absence 
of bromate there is a tendency for viscosity first to decrease and then 
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to increase to a peak at the second or third hour, followed by a decrease 
to the end of the fermentation time. In the presence of bromate the 
initial decrease is modified or disappears entirely and while, in the stand- 
ard basic doughs, bromate reduces the viscosity peak, it apparently raises 
this peak in the papain-treated doughs, possibly due to an inhibitory 
action upon the enzyme. The relationships between fractionation and 
fermentation time depicted in Figure 9 are roughly similar in nature to 
the viscosity changes with fermentation period. 

Two different effects upon the gluten properties are measured by the 
studies on the two series of dispersions described. In the first series 
the influence of the various ingredients and fermentation periods upon 
the rate of protein dispersion is studied. In the second series the 
dispersions are on a constant-protein basis, and the effects of formula 
and fermentation-time variables upon the protein micelle are indicated. 
These methods of approach to the problem both demonstrate the effect 
of papain in increasing dispersion rate and reducing effective particle 
size. Potassium bromate retarded the rate of gluten dispersion and 
prevented, in some instances, complete dispersion of the gluten. Length 
of fermentation period apparently increased the effect of bromate upon 
rate of dispersion, and also affected the size of the protein particle 
itself. 

The changes in pH with fermentation are shown in Table I. A 


TABLE I 


COMPARATIVE HyDROGEN-ION CHANGES IN FERMENTING DOUGHS 





Hours of fermentation 





Dough formula 0 1 2 3 4 3 
pH pH pH pH pH pH 


Se. BD. 5.85 5.52 5.47 5.37 5.29 5.20 

St. B. + 0.001% KBrO; 5.85 5.51 5.46 5.37 5.32 5.27 

St. B. + 0.002% papain 5.80 5.48 5.46 5.41 5.32 5.28 

St. B. + 0.004% papain 5.83 5.49 5.45 5.38 5.34 5.17 

St. B. + 0.004% papain 5.79 5.57 5.45 5.40 5.35 5.22 
with 0.001% KBrO; 

St. B. + 0.004% papain 5.79 5.52 5.47 5.35 5.29 5.27 
with 0.004% KBrO, 





Note—St. B. refers to the standard basic formula with 5% sucrose. 


general trend toward a decrease in pH with increase of fermentation 
time is evident. No differences in pH among the different dough treat- 
ments are apparent. These measurements were made directly upon 
the fermenting doughs by the use of a Beckmann pH meter with the 
calomel and glass electrodes carefully enclosed in the dough. Each 
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value shown is the average of five consistent readings. The oxidation- 
reduction potential values were erratic, and showed no definite trends. 
Decreasing pH at constant E, is commonly thought to denote a tendency 
toward a decrease in oxidizing power. 

A third series of glutens was used for the determination of resistance 
to pressure with a tenderness tester. In using this apparatus the method 
of Binnington, Johansson, and Geddes (1939) was followed. The 
glutens were washed from the doughs and the tests run with minimum 
loss of time. The gluten was formed into a ball and located under 
the plunger of the apparatus. Five tests were made on each sample, 



































Seconds 


Fig. 10. Representative curves made by five successive determinations of resistance on one sample 
of gluten. The greater the resistance of the sample the more curved the lines. Figures at bottom 
represent seconds of time required for kymograph pen to trace the curve, using a uniform mercury flow. 


the gluten being dipped under 0.1% sodium phosphate solution (pH 
6.8) between tests to avoid drying out. It was found that the final 
tests on each sample indicated a slight stiffening of the gluten due 
apparently to manipulation. 

A typical record of the resistance test is shown in Figure 10. The 
values shown are the times taken for the kymograph pen to travel from 
the start of application of load to the 0.175-inch line, a distance of 
0.225 inch. This point was chosen because it occurs after the line has 
indicated the type of curve and before it has reached the region of ex- 
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cessive flattening out of the gluten ball where its power of resistance 
to the deforming force is largely overcome. 

The average value for the five determinations was then calculated 
and used as a single-figure value for a measure of the resistance. Two 
sets of curves constructed from such average values are shown in Fig- 
ure 11. It will be noticed that the curves at the left are straighter, 1.e. 
rise more rapidly, than the curves at the right, indicating less resistance 
of the gluten due to the effect of papain as compared with the increased 
resistance contributed by potassium bromate presumably through in- 
hibitory action upon flour and yeast proteases. Little difference is to 
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Fig. 11. Resistance curves showing influence of ingredients and fermentation time upon shape 
of curve. Curves at left represent results obtained with the standard basic formula plus 0.004% 
papain. Curves at right were obtained with the standard basic formula plus 0.001% KBrOs. Num- 
ber of the curve refers to hours of fermentation. 


be noted between the curves representing different hours of fermenta- 
tion in the first set of curves, but when KBrO, was added to the basic 
formula the lines tended to become more curved with length of fer- 
mentation period until the fourth hour, indicating that this flour im- 
prover definitely stiffens the dough as fermentation progresses. This 
evidence is in line with baking observations. 

Figure 12 represents the changes in resistance with length of fer- 
mentation period for the six doughs. Comparing first the two formulas 
without papain, the stiffening effect of bromate after the first hour of 
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fermentation becomes apparent. Why the dough without bromate 
should be initially stiffer than the bromated dough is not clear. Next, 
in comparing the effects of the two papain increments upon the standard 
basic formula, it is apparent that the enzyme decreases the resistance 
of the gluten from the moment the dough is mixed, and that this effect 
increases with length of fermentation period. This again is in agree- 
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Fig. 12. Change of resistance in seconds of glutens prepared from doughs 
fermented varying lengths of time. 


ment with baking observations which offer evidence of progressive soft- 
ening of the dough as fermentation progresses in the presence of papain. 
When bromate is added to the papain-treated doughs a decided stiffening 
of the gluten is noticeable, especially as fermentation progresses. The 
data graphically presented in this figure show the same trends in regard 
to papain and bromate effects as were evident in the viscosity deter- 
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minations. It is therefore apparent that the physical and biochemical © 
properties of the gluten are affected in comparable manner by either 
papain or bromate additions. 

Correlation coefficients presented in Table II show that a relatively 
high relationship existed between viscosity and the quantity of protein 
removed from colloidal solution by MgSO,. The influence of varying 
fermentation time no doubt lowered this correlation as compared with 
glutens washed from flour-water doughs. 


TABLE II 


CORRELATION COEFFICIENTS COMPUTED FROM THE DATA 

















Variables correlated Correlation 
——§— coefficient 
X Y rxy | 
Viscosity (centipoises x 10?) Protein fractionated (mg.) +.6960 <.0001 
Viscosity (centipoises < 10*) Resistance of gluten (seconds) -+.5547 .0006 
Resistance of gluten(seconds) Protein fractionated (mg.) + .3043 .0730 





Summary and Conclusions 


A series of doughs was prepared from a commercial spring wheat 
flour using six formulas. These formulas included the standard basic 
(with 5% sucrose), standard basic plus 0.001% KBrO,, standard basic 
plus 0.002% and 0.004% papain, and the latter two formulas plus 
0.001% and 0.004% KBrO,, respectively. 

Three series of glutens were washed by standardized methods from 
the doughs following fermentation periods ranging from 0 to 6 hours 
for each formula. Comparative rates of dispersion of the glutens in 
10% sodium salicylate were determined on one set, as indicated by 
changes in viscosity with time. The results showed that glutens pre- 
pared from doughs without added papain tended to disintegrate at a 
lower rate after three hours of fermentation than before, while bromate 
greatly reduced the rate after two hours of fermentation. The addition 
of papain without bromate accelerated the dispersion rate and obliterated 
any effect of fermentation time upon this variable. When KBrO, was 
superimposed upon papain, however, fermentation behavior reflected the 
inhibitory action of the oxidizer upon the enzyme. 

In a second series, glutens were washed from the doughs, then dis- 
persed, and the protein concentration adjusted to 2500 mg. per 100 cc. 
of dispersion. The viscosities were determined, and the resulting data 
showed the effect of papain in reducing this property. There was a 
marked tendency for the viscosity to increase to a maximum after two 
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‘to three hours of fermentation of the dough. Unbromated doughs 
showed some evidence of an initial decrease in viscosity during the first 
hour of fermentation. In the presence of bromate this behavior was 
less apparent. Viscosity decreased after three hours of dough fer- 
mentation in every instance. The results obtained by fractionating the 
protein from the dispersions by suitable additions of MgSO, revealed 
a somewhat similar picture when due allowance was made for the vari- 
ability inherent in the biologic material and methods used. Doughs 
treated with papain showed initial decreases in the quantity of protein 
removed, corresponding to the viscosity trends. Why such a marked 
trend should be established only in the unfermented doughs is not clear. 
Bromate appeared to increase the quantity of protein fractionated in 
the presence of papain at the beginning and end of the fermentation, 
but whether it had any effect upon the results obtained at the second or 
third hour is very doubtful. The 0.004% KBrO, treatment did show 
a high point at four hours of fermentation, but whether this points to 
the bromate having a maximum effect at this time cannot be definitely 
stated. 

A third series of glutens was likewise prepared and resistance tests 
run on glutens molded into small balls using a modification of the tech- 
nique developed by Binnington, Johannson and Geddes (1939) for meas- 
uring the “ tenderness ” of cooked macaroni. 

The data obtained, when plotted against fermentation time, showed 
a decrease in resistance followed by an increase which reached a maxi- 
mum at the second or third hour in every dough except one, the standard 
basic plus 0.001% KBrO,. The gluten from the 0.004% papain treated 
dough increased little in resistance between the first and second hours, 
and then decreased sharply. The stiffening effect of KBrO, upon these 
glutens is quite marked, and tends to increase with the fermentation 
period. The results obtained with this test are in general agreement 
with the other determinations employed and illustrate the inhibitive effect 
of KBrO, upon proteases during dough fermentation. It is not clear 
from the data whether there is a direct effect of the oxidizing agent upon 
the gluten properties. The action of papain in increasing the rate of 
gluten dispersion and in decreasing the viscosity of gluten dispersions, 
as well as the quantity of gluten fractionated from the dispersions, is 
clearly evident, as well as its effect in decreasing the resitance or stiff- 
ness of the gluten as fermentation proceeds. 

Correlation coefficients showed a significant relationship between 
viscosity and protein fractionated from the dispersions. 
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THE INFLUENCE OF THE INITIAL pH OF RYE MASHES 
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The efficiency of rye fermentations (about 83%-86%) had never 
equaled the efficiency of the corn spirits fermentation (90%-93%) in 
our plants, and to the best of our knowledge this is the common experi- 
ence of other plants. The difference in efficiency has been explained in 
many ways. One possibility is that rye contains a higher percentage of 
pentosans and other materials which react as starch in an acid-hydrolyzed 
sample ; another, that rye mashes which are not cooked under pressure as 
is corn, have a greater initial contamination than corn spirits mashes ; and 
there are other possible explanations. Both of the above explanations 
are plausible. Rye as received has been found to contain a higher per- 
centage of pentosans than corn, and since the maximum temperature of 
mashing rye is 145° F. (in our procedure), many contaminants capable 
of development in the fermenter are left in the mash. Most of the 
other reasons advanced in explanation of the low efficiencies with rye 
fermentations now appear to have little or no foundation. 

Calculations as to the validity of the first explanation for lower 
efficiency revealed that it could not account for the entire difference. 
Attention was directed to the fact that the initial pH of a rye mash is 
about 5.4-6.0, while corn spirits fermentations have a pH of 4.9-5.0 
because of the addition of stillage or acid. It was considered probable 
that this high initial pH of a rye mash permitted large numbers of the 
contaminants which had survived mashing to grow and produce acid. 
This acid production would not only be at the expense of the carbohy- 
drate, but moreover might result in the destruction of free amylase ac- 
tivity by lowering the pH of the mash below 4.0 and thus prevent the 
complete conversion of residual dextrines to maltose. 

The results of laboratory tests made by Mr. J. S. Hudson? of our 
department indicated that the yield of alcohol and efficiency of the fer- 
mentation were improved by adjusting the initial pH of the mash to 4.8— 
5.0 with sulphuric acid. This was indirectly corroborated by Kendall 
(1938) who has recently reported improved alcohol yields during the 
fermentation of rye mashes by the addition of a small amount of lactic 
acid, and he assumed that the effect was the result of reduced contami- 





1 This paper was presented at the annual meeting of the Society of American Bacteriologists, New 
Haven, Conn., December 28, 1939. 
? Private communication. 
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nation. However, it was his belief that the cost of the lactic acid would 
not be recovered in the additional yield of alcohol. Nevertheless, before 
attempting to introduce pH adjustment into an operating plant it was 
necessary to conduct experimental fermentations on an intermediate 
scale. The results of these experiments are reported here. 


Experimental 


A series of experiments was conducted at the Lawrenceburg, Indiana, 
plant and the mashes used in the experiments were portions of the 
regular mashes prepared at that plant. The rye mashing procedure used 
is as follows: The water is drawn into the pony mash tank at a tempera- 
ture of 110° F., the malt is added while the water is agitated, and the 
slurry is then added to the cooker which contains water at a temperature 
of 100° F.; after all the malt is added, finely ground rye is introduced 
slowly while the mash is constantly agitated. The mash is mixed for 10 
minutes at this temperature. The temperature is then raised to 130° F. 
in 30 minutes and held for 45 minutes, thus allowing some proteolysis 
and some conversion of starch, which results in a thinner mash. The 
temperature is then raised to 145° F. in 15 minutes and held for one 
hour ; at this time the mash is pumped through the coolers and into the 
fermenters. Four cooks and the yeast mash fill the fermenter. The 
final volume and setting temperature are adjusted with stillage and water. 
The yeast is usually added to the fermenter with the first cook. This ad- 
dition is made about 4 to 6 hours before the fermenter is completely filled 
with the other three cooks and the stillage or water. 

For the experimental work, as soon as all of the rye mash was in 
the fermenter and usually before any stillage or water was added, 50 
gallons of mash was removed from the fermenter, thoroughly mixed, 
and split into two 25-gallon portions which were placed in 55-gallon 
drums that had just been steamed for one hour. The drums were then 
placed next to the parent plant fermenter. By the addition of 6 normal 
sulphuric acid the pH of one of the two small fermenters was lowered 
to a pH between 4.8 and 5.0. To the second fermenter an equal vol- 
ume of distilled water was added to correct for the dilution of the other 
mash and this served as the unadjusted control. Both fermenters were 
then covered with the lids of the drums. In this manner such variables 
as differences in grains, mashing conditions and concentrations, yeast 
used for inoculum, and the incubation temperature were eliminated. 
The pH, Balling, and titratable acidities were determined, and every 
24 hours the same determinations were repeated. Occasionally it 
was necessary to omit the usual three-hour pH and temperature deter- 
minations. The fermenters were sampled for final data at the time 
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the parent plant fermenter was pumped to the beer well for distillation. 
This was after approximately 72 hours. The final data consisted of 
duplicate alcohol determinations, pH, Balling, titratable acidity, and 
residual sugar determinations. The alcohol content was determined by 
distillation of a known volume of mash, followed by the analysis of the 
distillate with a Zeiss refractometer. The residual sugars were deter- 
mined on samples of supernatant liquid from centrifuged samples. 
Each sample was acid hydrolyzed and the sugar content determined by 
the method of Stiles, Peterson, and Fred (1926). 

Table I lists the results of eight experiments. The variations in the 
final alcohol content among experiments are due to variations in the 


TABLE I 


A SUMMARY OF THE PERTINENT DATA ON 25-GALLON EXPERIMENTAL RYE 
FERMENTATIONS WITH THE PH ADJUSTED AND ON 
THE CONTROL FERMENTATIONS 














Final data 





Experi- _ Initial Titratable Residual Alcohol 
ment Fermenter ! pH pH acidity sugar content 





% acetic g./100 cc. % by vol. 


1 A 50 3.75 0.68 0.96 5.17 
b 11 3.76 0.63 0.96 5.30 
2 5.38 3.75 0.66 1.05 3.37 
b 4.85 3.75 0.62 1.00 5.53 
3 a 5.45 3.72 0.71 1.14 5.83 
b 4.88 3.73 0.67 1.06 5.99 
4 a 5.45 3.72 0.68 1.10 5.24 
b 4.88 3.78 0.64 1.04 S38 
5 i 5.58 3.70 0.69 1.31 5.20 
b 4.70 3.82 0.59 1.02 5.63 
6 a 5.50 3.58 0.87 1.39 5.41 
b 5.10 3.73 0.74 0.92 5.52 
7 a 5.37 3.65 0.87 1.15 5.12 
b 5.00 3.81 0.68 1.02 5.34 
8 i 5.72 3.68 0.82 0.96 5.43 
b 4.98 3.75 0.73 0.84 5.63 





1 Fermenter a served as the control (pH unadjusted), the pH of fermenter b was adjusted to 
4.8-5.0 in all cases at the beginning of the experiment. 


concentrations of the mash used. This was the result of sampling the 
plant fermenters after varying amounts of stillage or water had been 
added to them. Figure 1 is a representative graph showing the pH 
curves for the experimental fermenters and for the plant fermenter, re- 
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spectively. Toward the end of the experiment it was impossible to 
obtain data every three hours; hence there are fewer points on the 
graph for the final stages of the fermentation. As may be noted from 
Table I the alcohol content was higher in every case in those fermenta- 
tions with the pH adjusted to 4.8-5.0. This average increase is 0.22% 
by volume of alcohol. Thus the efficiency of the fermentation was 
raised by adjustment of the initial pH to 4.8-5.0. The variations be- 
tween sets of fermentations are due to the fact that it was impossible 
to sample the plant fermenters when the same dilution of the mash with 
stillage had occurred each time and thus the initial sugar content varies 
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from experiment to experiment. Table I also shows that with the ex- 
ception of Experiment 1, less residual sugar is present in those fermen- 
tations in which the initial pH was adjusted. 

One of the best indications of the degree or extent of contamination 
is the titratable acidity in the fermentation; a high acidity indicates 
greater contamination. As may be seen, the final titratable acidity is 
higher in all experiments when the initial pH of the fermentation is un- 
adjusted ; thus it would appear that initial pH adjustment prevents con- 


tamination and acid production. 
As a result of the evidence presented in Table I it was decided to 
adopt pH adjustment of rye fermentation mashes in plant practices. 
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This was done, and by the addition of from 5 to 8 gallons of 66° Be. 
sulphuric acid to 40,000 gallons of mash the initial pH was lowered to 
4.8-5.0. The results of eight plant fermentations, using this procedure, 
are presented in Table II. The efficiency (91.5%) was calculated from 
the starch analysis of the grain and the actual yield of alcohol from plant 
distillation. This efficiency with rye fermentation is the highest, by 5%- 
6%, ever obtained in our plants or in others, to the best of our knowl- 
edge, and has been successfully maintained since the introduction of 
initial pH adjustment. 
TABLE II 

E1cHt Rye MAsH PLANT FERMENTATIONS IN WHICH THE INITIAL PH Was AbJUSTED 

Mash Bill—80% Rye, 2% Barley Malt and 18% Rye Malt 








Alcohol yield 
(proof gallons/bushel of grain) 
Experiment Initial pH Analytical Actual 
1 4.96 
5.03 distilled 
4.83 together 4.76 4.68 
5.04 








2 4.87 distilled 
5.04 together 4.69 4.71 


3 4.97 distilled 
4.93 together 4.62 4.64 








Average fermentation efficiency = 91.5% of theoretical calculated from the 
actual plant yield. 


Discussion of the Data 


As previously stated it was believed that the degree of bacterial con- 
tamination with resultant acid production and loss of free amylase ac- 
tivity was largely responsible for the low alcohol yields in rye fermenta- 
tion. The data presented in this paper support this theory. In Figure 
1 it will be seen that the pH curves for the unadjusted fermentation and 
the plant fermentation are very nearly identical. The pH remains 
above 5.0 for the first 12 to 16 hours during which time more con- 
taminants may develop than in the fermentation with the pH adjusted. 
After 20 to 24 hours the pH for the unadjusted fermentation falls below 
the level of the adjusted fermentation and then falls below 4.0 at the 
end of 40 hours, which is about 4 hours earlier than for the fermentation 
with the initial pH adjusted. Below a pH of 4.0 free amylase activity 
disappears. Occasionally the pH of the adjusted fermentation will fall 
below 4.0 at about the same time as the unadjusted fermentation ; this is, 
of course, affected to some extent by other factors, i.e. initial contamina- 
tion, mashing conditions, etc. None the less, a fermentation with the 
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initial pH unadjusted is subjected to more opportunity for the growth 
of acid-producing contaminants (which apparently develops) than one 
in which the initial pH is lowered to 4.8-5.0, and the unadjusted mash 
is ordinarily in a pH range favorable to amylase activity for a com- 
paratively shorter period of time. 

The foregoing postulations are well supported by the data in Table I. 
The lower final titratable acidity values in the eight fermentations indi- 
cate less contamination with acid-producing bacteria and the lower 
residual sugar content in the eight groups of fermentations shows that 
amylase activity has been greater, with the result that more dextrine was 
converted to maltose which was subsequently fermented. 


Summary 


It has been shown that by adjusting the initial pH of rye mashes to 
4.8-5.0 through the addition of sulphuric acid to the mash the efficiency 
of the fermentation was increased by approximately 4% in a series of 
test fermentations. This increase in efficiency appears to be due to a 
reduction in the growth of contaminants, with comparatively less loss 
of carbohydrate, with less acid production, and presumably with a greater 
protection to the amylase activity. 

When this technique was placed in plant practice the efficiency of 
plant-scale rye fermentations was raised from 83%-86% to 90%-92%. 
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SCIENTIFIC LIBRARY 
SERVICE 


pn 


The Hooker Scientific Library, operated as a nonprofit in- 
stitution by Central College, has inaugurated a new service for 
chemists who lack convenient access to chemical reference works. 


For a nominal fee the library will send the data on any 
question which can be answered by reference to a chemical 
manual, dictionary or index such as Beilstein, Mellor, Thorpe, 
Ullmann, formula indexes and the like. Inquiries taking too 
much time for the low fixed rate will be answered at a pro- 
portionately higher cost, for which estimates can be rendered 
in advance. Full details will be sent in response to requests 
addressed to: Hooker Scientific Library, Central College, Fa- 
yette, Missouri. 
































A NEW ERA 





Synthetic Vitamins Failure of famous fixed 


defenses in the current 
Needed in Modern war should be an object 


Nutritional Strategy lesson to those who have 

held that a good Amer- 
ican diet afforded ample protection of modern vitamin 
requirements. The protection counted on has been 
greatly reduced by vitamin losses resulting from food 
processing and from changed cooking and eating habits. 


It is now possible to mobilize powdered crystalline 
thiamin chloride, riboflavin and ascorbic acid and to 
incorporate them in many products in such strength 
that, even if these vitamin substances must themselves 
undergo bombardment by some processing losses, the 
final outcome is as though the original raw food never 
suffered any loss of vitamins Bi, Bz, or C. The finished 
products can actually be given greater strength, 
so great is the mobility of the synthetic vitamins. 


Moreover, the necessary quantities of these pure 
vitamins are so minute that it is not necessary to sur- 
render distinctive customer appeal or to use elements 
which interfere with “eatability” or digestibility. 

Action towards general vitamin restoration and 
fortification of foods has been given added impetus by 
recent price reductions on synthetic vitamins Bi, 
Bz, and C. Make sure your company is not left behind. 
Let our Vitamin Division show you how to utilize 
these mobile and efficient instruments of both defense 
and offense against modern enemies of nutrition. 


HOFFMANN-LA ROCHE, INC. « NUTLEY, N. J. 


World Famous For Pharmaceutical Chemicals 
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MOTOR STIRRER 
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Outstanding points of superiority are: 


(1) A sturdy motor, which is more powerful than motors of usual labora- 
tory stirrers. 

(2) A fully-enclosed cone-drive mechanism, well protected from attack of 
corrosive fumes from materials being stirred. The enclosure 
catches oil spatterings and solid particles that otherwise would fall 
into the material being stirred. 


(3) The motor is set at the angle of taper of the driving cone, thus 
bringing the side of the cone parallel to the driven shaft for the 
stirring rods. The friction dise on the driven shaft is moved along 
the side of the cone drive, without change in pressure or shifting 
of the position of the stirrer with respect to the vessel containing 
the material being stirred—a common fault in previous stirrers. 


(4) Adjustment of speed of stirring is made by a convenient knurled 
head, located on the top of the drive housing and in front of the 
motor. Turning of the speed-adjusting knob produces a continual, 
gradual change in speed of the stirrer through the entire range 
of speeds. An indicator visible on the front of the drive housing 
shows the speed setting. 

(5) The design of the entire unit is modern and pleasing to conform with 
the modern trend. Its finished appearance contrasts sharply with 
that of ordinary types of motor stirrers which are merely motors 
with an accessory drive attachment. 


ASK FOR CIRCULAR NO. 1126 


CENTRAL SCIENTIFIC; COMPANY, 


ADE 


SCIENTIFIC CNG LABORATORY 
INSTRUMENTS APPARATUS 
Ric ve’rar Off. 

New York «© Boston © CHICAGO « Toronto © San Francisco 
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GROUND JOINTS WITH 


STRAIGHT SIDE WALLS 


EXTRA HEAVY CYLINDRICAL 
OUTER WALL permits the comp 
to grip over the entire jew 
cree. Potent applied for. 















EXTRA HEAVY WALLS 


Corninc Giass Works now an- 
nounces a new and improved 
type of Standard Taper (#) Interchangeable Ground Joint with cylindrical 
(straight) outside walls as contrasted with customary tapered construction. 

These new straight side walls permit more convenient mounting with 
the usual rubber covered ringstand clamps. These cylindrical walls pro- 
vide a firmer, more rigid clamping and the new construction insures greater 
mechanical strength in the joint itself. 

Manufacture of “Pyrex” brand Laboratory Ware with ¥ joints up to 
and including ¥ 45/50 (full length only) has now been standardized. It is 
being supplied in this new and improved form at no increase in price, 
and all sizes and types will be available shortly. 








“PYREX” is a registered trade-mark and indicat fi e by 





The Evolution of Standard Taper Ground Joints” 
—This Interesting, Informative Book is Free 


Corning Glass Works, Corning, N. Y. 
Send me your Ground Joint Booklet, Form B-5$7. 


Name 





(PLEASE PRINT) 


Position 





Firm or Institution 








Address 
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Behind i h is Door-- 


A 
WONDER 
WORLD 


OF SCIENCE! 


Over the doorway of the 
Fleischmann Research Lab- 
oratories is the legend, “For 
The Investigation of Fer- 
mentation And For Indus- 
trial Research.” Whilethese 
words convey the purpose 
of these famous laborator- 
ies, they give but an inkling 
of the many and varied ac- 
tivities carried on inside 
this great scientific institu- 
tion. 
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@ Entrance to the Fleischmann Research 
Laboratories, 810 Grand Concourse, New 
York, N. Y. 


The Fleischmann Research Laboratories are made up of a large number 
of laboratory units, including the Fermentation Laboratory, Baking 
Laboratory, Analytical Laboratory, Nutrition Laboratory, Enzyme Lab- 
oratory and others. Each unit is complete and up-to-the-minute in equip- 
ment and methods, and is an important source of knowledge and 
information for the baking industry. 

All of the latest developments of baking science originating from the 
Fleischmann Research Laboratories are passed on to the baking indus- 
try through the medium of Fleischmann’s Service. 


INCORPORATED 


STANDARD BRANDS 


Makers and Distributors of FLEISCHMANN’S YEAST 
595 MADISON AVENUE, NEW YORK, N. Y. 
EES ccc cc ce Le ae EE aE ET ESS) RS, 























Authorities Advocate Enrichment 
of Processed Cereals 
with Vitamin B, 





A practicable way to offset losses of vitamin B in 
cereal processing is by addition of ‘“‘Crystalline Bi 
Winthrop” (thiamine hydrochloride U.S.P.). 
DESIRABLE because of its potency; one gram 
confers 333,333 International Units of vitamin B 
—enough to “‘step-up” 3 barrels of white flour to 
the full natural B, value of whole wheat. Addition 
of ‘Crystalline B; Winthrop”’ calls for no variation 
in standard ingredients; does not alter odor, color, 
taste or bulk. ECONOMICAL because recent 
price reductions permit maximum enrichment at a 
cost far below former levels. Write for further in- 
formation and new price schedule. ‘‘Crystalline 
Vitamin C”’ also available. 


SPECIAL MARKETS DIVISION 


WINTHROP 


CHEMICAL COMPANY, INC. 


170 VARICK STREET, NEW YORK, N. Y. 
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— SUPERLITE — 


SUPERLITE PROCESS PATENTED 
SUPERLITE PATENTED 


The advanced method for bleaching 
and maturing flour in one operation 


Crumb Color and Texture 


The optimum crumb color is obtained with 
Superlite bleached flour. A brilliant bright 
white color and silky texture is always ob- 


tained with Superlite bleached flour. 


Where the best flour is milled, Superlite 


is used, 


Send for sample and literature. 


SUPERLITE COMPANY 
Manufacturing Chemists 
PLANT AND LABORATORIES 
Griffin and Corbin Streets 

DALLAS, TEXAS 
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UNBIASED laboratory tests over a period of several 


years have conclusively proved that NATIONAL GRAIN 
YEAST is far superior in the matter of dough control. 


And it is because of this and other outstanding quali- 
ties that thousands of progressive bakers have come 
to regard NATIONAL GRAIN YEAST as a primary 


essential in the art of baking better bread. 


NATIONAL GRAIN YEAST CORPORATION 


Chanin Bidg., N. Y. C. * Chicago, Ill. * Crystal Lake, III. Belleville, N. J 
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FULLY ACCEPTED 





i Lo SEVEN YEARS USE BY LEADING FLOUR, FEED, 
aa AND STATE CHEMISTS ASSURES YOUR SATIS- 





6 cap. Unit—Overall Dimensions 
10” a 38" a 31" high. Also manu- 
factured in 2 and 4 capacity units. 


CRUDE FIBER 
CONDENSER 


An apparatus that will 
maintain a constant vol- 
ume of soln and reduce 
frothing to a minimum. 


No metal parts are in 
contact with the solution. 


Rubber hose connections 
are eliminated. 
All glassware furnished with 


a generous extra supply. A 
complete condenser ready for 








FACTION ON FAT AND FIBER DETERMINATIONS 


*“GOLDFISCH 
EXTRACTOR” 


A radically improved 
ether extraction appara- 
tus that permits a material 
saving of time on control 
work and will be found 
most flexible for research 
work. 


All glassware furnished with 
@ generous extra supply. A 
complete apparatus ready for 
connection to your light socket 
and immediate operation. 





cap. Unit—Overall Dimensions 
10” a 43" a2 31" high. Also manu- 
factured in 2 and 4 capacity units. 


your main connections of a maximum of 2.1 K.W. for 6 cap. 


Without obligating you in any way, Detailed Information 
on the above New Apparatus, will be sent on request. 


Manufactured and sold direct to the user by 


Laboratory Construction Company, Inc. 


1113-1115 Holmes Street, Kansas City, Missouri, U. S. A. 



































The first white bread was produced 
because an English nobleman de- 
manded that his bread match bis 
white tablecloth. 


THE entire yeast industry is striving to give you 
a product that will meet your exacting re- 
quirements. The yeast made by Anheuser-Busch, 


Inc., St. Louis, is being constantly improved. 


A N H E ER - R U $ C HR 
Le ere 
aa K E R/S 


A BA DOZEN IN QUALITY 












The New Buhler 


100% Automatic Laboratory 
Roller Mill Type MCK 





PATENTED 


BUHLER BROTHERS, INC. 


330 W. 42nd ST. 


NEW YORK CITY 













2) HIGH TEST PURITY 
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f 2) FREE-FLOWING QUALITIES 
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PHOSPHATE '4)) CORRECT GRANULATION 


“MOND CALCIUM PHOSPHATE © 
4 


* Ce) § BBS) Baxinc tasoratory 
SERVICE 


(3) UNIFORM NEUTRALIZING 
STRENGTH 


: 


~ NET ITS LBS: \ 


a > Monsanto Chemical Company 


St. Louis, U.S.A. 





New York + Chicago + Boston » Charlotte 
Birmingham + Detroit » San Francisco 

















You CAN DEPEND 
UPON THESE TOP-NOTCH 
SHORTENINGS .... . 





PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
standard.” A quality shortening especially rec- 
ommended for doughnut frying, for pies, cook- 
ies and bread, and for other shortening purposes. 











PROCTER & 
GAMBLE 


Branches and warehouses 
in principal cities 


General offices - 
Cincinnati, Ohio 
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Dependable Shortenings 
for Every Purpose 


COVO is outstanding as an all-purpose shortening for cakes and 
icings, sweet yeast doughs, cookies, pie crust—and for frying. 
COVO “S.S.” is the specially hydrogenated shortening for biscuit 
and cracker bakers, potato chip fryers, makers of prepared flour 
mixes, and other food products in which extra keeping quality 
and shelf life are desirable. 

COVO Super-Mix is the new emulsifier shortening for “Super” 
cakes, icings, and sweet doughs. It will safely carry all the liquids 
and sugar called for in any balanced formula—giving extra volume, 
improved eating quality, and extended freshness. 

COVO Shortenings are all-vegetable, all-hydrogenated, and double- 
refined from the Cream Of Vegetable Oil. 


COVO SHORTENINGS 


LEVER BROTHERS COMPANY: CAMBRIDGE, MASS. 








A COMPLETE PRINTING SERVICE 


Goop PRINTING does not just happen; it is 
the result of careful planning. The knowl- 
edge of our craftsmen, who for many years 
have been handling details of composition, 
printing and binding, is at your disposal. 
For over sixty years we have been printers 
of scientific and technical journals, books, 
theses, dissertations and works in foreign 


+« PRINTERS OF . 


cereat cuemistay languages. Consult us about your next job. 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 














